
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this filé - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the filés We designed Google Book Search for use by individuals, and we request that you use these filés for 
personal, non-commercial purposes. 

+ Refrainfrom automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each filé is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
any where in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



ENGINERING UBRARY 
UNIVERSITY OF WISCONSIN 
MAOISON, WISCONSIN 53706 



THEOEY AND CONSTEUCTION 



OF A 



RATIONAL HEAT MOTOR 



BT 



RUDOLF DIESEL 



BEYAN DONKIN, M.In8t.C.E. 



^ 



ELEVEN FIGURE8 IN THE TEXT AND THREE PLATE8 




NOTE TO THE READER 

The paper in this volume is brittle or the 
inner margins are exiremely narrow. 

We have bound or rebound the volume 
utiHzing the best nicans posbible. 

PLEASE HANDLE WITH CARE 



General Bookbinding Co.. Chesterland. Ohic 



THEOEY AND CONSTEUCTION 



OF A 



RATIONAL HEAT MOTOR 



BT 

RUDOLF DIESEL 
BEYAN DONKIN, M.In8t.G.E. 



Tnkff 



ELEVEN FIGUSE8 IN THE TEXT AND TBREE PLATE8 




E. &jr N. SPÖN, 125 STRA^TD 

SPÖN & CHAMBEBLAIN, 12 COKTLANDT &TREET 
1894 



^ 



4 5QQ3) 


MAY 25 1898 • 


TK 


'I^5S 


§ 1. iNTBODUOrORY BeHABI 


§ 2. Gasbs of COMBUmON 



t^ 6 (. ^ I. ^\ 

CONTENTS. 



l'AOB 
1 
1 



CHAPTEB I. 

THEOSY OF COMBU^TION. 

§ 3. Genebal Obsebyations oh GoMBrsnoN .. .. 3 

§ 4. FiBST Ctgle of GoHBUGrnoN, AT GoNSTANT Atmosphebio Pbessubb .. 5 

(a) Dynamio ProoeBS 

(5) Thermal Process 6 

§ 5. Second Gtole of Gombustion, at Ck>N8TANT Atmosfhebio Pbessube, wrrH 

LESS Heat oabbied off 8 

(a) Dynamio Process «. 8 

(5) Thermal Process > .. .. 9 

§ 6. Thibd Gyolb of Gombustion, at GoNffTANT Pbessube aboyb Atmosfhebio 11 

(o) Dynamio Process 11 

(6) Thermal Process 18 

(c) First Example (Air Engine with dosed Fumace) 21 

((2) Second Ezample (Heat carried off equal to Zero) 27 

(e) Third Example (CJomplete Theoretical Utilisation of the Heat) .. 29 

§ 7. FouBTH Gtole of GoMsusTioy, at Gonstant Yolumb 30 

(o) Dynamio Process 30 

(6) Thermal Process 32 

(o) Special Example of the Fourth Cjcle (the Gas Engine) .. .. 33 

§ 8. Fifth Gtole of Gombustion, at Gonstant Tekpebatubb .. .. 36 

(a) Dynamio Process 36 

(6) Thermal Process 40 

(c) Summary of the Fifth Cycle 42 

(d) Fundamental Gonditions for Perfeot Gombustion .. •• .. 44 

CHAPTEB IL 

C0N8TBUCTI0N OF THE IDEAL MOTOB. 

§ 9. Galoulation of an Aotual Engine of 100 Indioated Hobse-Poweb .. 45 

Metbod of Galoulation 45 

General Discussion of the Formul» of the Ideal Motor .. .. 47 

Numerical Example .. .. .. .. 48 

Indicator Diagram ,. ,. 49 

Dimensions of the Cylinder ,. .. .. .. .. ., 60 

Quantity of Water injected .. .. .. ,, ., ,, ., 51 

Gonsumption of Goal per I.H.P 52 

Description of Diesel Motor .. .. .. .. .. .. 53 

Table showing Gycle of Operations in Motor 54 

a 3 



iv Contents, 

PAGR 

§ 10. CoNSTBUcrrioN op thb Motor 55 

Working Method .55 

Aotion in Cylinders 1, 2 and 3 56,57 

Besidue of Combustion .. .. .. .. .. .. .. 58 

Noiseless Working .. .. .. ,. .. .. .. .. 58 

Intemal Valve Gear .. .. .. .. .. .. .. .. 58 

Apparatus for introducing the Combustible into the Cylinder . . . . 60 

Extemal Valve Gear 61 

Begulation of the Speed 62 

Starting the Engine 62 

Stopping „ „ 62 

Lubrioation .. .. .. .. ' .. .. .. .. .. 62 

General Bemärks 62 



CHAPTER III. 

FIRST MODIFICäTION OF THE IDEAL CYCLE OF COMBUSTION. 

§ 11. Thbobt of thb First Modification 63 

FormulBB 64 

Disoussion of the Formul» ^ 66 

Numerical Example ' .. .. 66 

The Indicator Diagram 67 

Mazironm allowable Pressures of Air .. 68 



CHAPT2B IV. 

CONSTnVCTION OF THE MOTOR WITH MODIFIED CYCLE OF 
COMBUSTION. 

§ 12. Dbsigsbd fob Solid Combustiblb, with Vebtioal Ctlindbb .. .. 68 

Compound Type 68 

Compression and Expansion in one Cylinder . . . . . . . . 69 

Utilisation of Bituminous Coal .. .. .. .. .. .. 69 

§ 13. Method of Utilisino Liquid Combustible 70 

General Description 70 

Cycle in eacb Cylinder '^0 

Mean Temperatures in the Cylinders .. .. 71 

Construotion of the Parts 72 

14. Method of Utilising Gasbous Combustible 78 

General Description .. .. .. .. .. .. .. .. 73 

Price of the Gas 74 

Gas Producer 74 



Contents. v 

CHAPTER V. 
OTHER MODIFICäTIONS OF THE IDEAL CYCLE. 

PAGB 

§ 15. Second Modification. Expansion not oontinusd to Athosphebic 

Pressube 75 

Oalculation of the Loss of Work 75 

Practical Gonclusions ., .. .. .. .. .. .. 75 

§ 16. Thibd Modipioation op thb Ideal Otclb. Otheb Mbthods op 

combustion 76 

General Desoription .. .. .. .. .. .. .. •• 76 

Compariaon with the Oycle of Ideal Oombustion .. .. i. 76 

Practical Ck>iicluBioD8 .. .. r. .. .. .. .. 77 



CHAPTER VI. 
§ 17. THE NEW MOTOR WORKING WITH CL08ED CIRCUIT. 

Theory 77 

Gonstniction andlntemal Working 78 

Supplj of Fresh Air for Oombustion 79 

Compound Engine with Closed Circuit .. 79 

CHAPTER VII. 
§ 18. APPLICATIONS OF THE NEW ENQINE. 

Engines for Large Powers 80 

. „ Small Powers 80 

Locomotives 81 

Tram ways and Garriages for Boads .. .. 81 

Marine Engines 81 

CHAPTER VIII. 

§ 19. CONCLUDING REMARKS. 

Study of ezisting Engines as conforming to our conditions .. .. 82 

Steam Engines and Boiler» 82 

Air Engines with open Fnrnaces 83 

») ), closed Fnrnaces .. .. .. .. .. 83 

Gas and Petroleum Motors 83 

Begenerators and other means of utilising Waste Heat 85 

Köte on Diesel Motor DOW beiiig tested 85 



VI 



LIST OF NOTATIONS ADOPTED IN THIS BOOK. 



There are five kinds of notations uaed in this book, as foUows :— 

L Physical or thermodynamio constants. 
II. Weights of gases. 

III. Conditions of gases at different points of the oycle. 

IV. Work on the diflferent curves of the indicator diagram. 
V. Heat quantities at different parts of the cycle. 

I. Thermodynamio Constants. 

These are taken from Zeuner CThermodynamik'), and adopted by most German 
writers. 

A = ^ calorie, the heat equivalent to 1 kilogrammetre. 

B Gonstant of Boyle's Law of Gases : p t; = B T ; B Las a different value for eaoh 

gas. 
Cp Speoific heat of a gas at constant pressure, in calories. 
Cv „ „ „ volume, in calories. 

Cp 

K = ~= 1'41 is a constant. 

Cv 

All the above constants conform to the law c* - c» = A B (see equation 36, p. 10). 

J =; Intemal heat of 1 kilogram of gas, in calories 'i or J = Jo + q» T (see equa- 
Jo Constant of the intemal heat of a gas, in calories / tion 13, p. 4.) 
Jb (B as an index) = intemal heat of 1 kilogram of fuel, in calories. 

II. Weights of Gases. 

G = Weight of air introduced during a oyde of combnstion. 

J^ "i." * « I the complete combnstion of 1 kilo- 

Go „ of oxygen necessary for [ ff i 

Gooa „ of carbonic acid produced by I ^'"^ ^ ^® * 

Gn »of nitrogen contaiued in the weight Ql of air. 

III. Pbopebties of Gases. 
Gases are distinguished by the three foUowing properties : 

p = Pressure in kilogrammetres per square metre (divided by 10000 it gives pressures 

in atmospheres). 
v Specific volume, or volnme of 1 kilo. of gas in oubio metres. 
T Absolute temperature (273° C. below zero). 



List of Notations adopted in this Book. vii 

In th« various theoretical indicator diagramfl shown (Figs. 8, 4, 5, 6, 7, 9, XO and 11) 
the same points are distinguished by the same letters or figures, whioh are also nsed to 
denote the temperatnres, volumes and pressures of the gas at these points, as foUows: — 

a. Beginning of the cyde. Admission of air at atmospheric pressnre and tempera- 

ture, denoted by p r T. 
2. Gondition of air after isothermal compression, denoted by |>2, v,» ^%* 
1. „ „ „ maximum compreesion of the cycle, denoted by p,, Vi, T,. 

Is. „ of gases after combnstion, denoted by |>i8, viS} Tis. 

2s. n ^ i> »> expansion, denoted by |>28) t;28, T28. 

The curve 1 Is can have diflferent shapes, but is always a combustion curve. 1-2 or 
ls-28 are always adiabatics, the points 1 Is being the higher, 2 2s the lower pressnres of 
the cycle. Figures or letters used as an index alwayd refer to bumt gases, if with an % ; 
if without it, to pnre air. 

y is the volume of G kilos, of air, v that of 1 kilo. of air ; the two stånd to each 
other in the relation V = t? G. V or t? with index B refer to' the x^mbuptible. 

One kilo. of fuel is taken as the basis of all the cydes considered in this book. 

IV. Notations befebbino to Wobk ob Ensbgy. 

Our cycle of combustion is always supposed to be carried out in two cylinders, a 
compressing cylinder II, and a combustion cylinder I. Work is always expressed in 
kilogrammetres; the index shows the cylinder, and the exponent the corresponding 
curve of the indicator diagram, as follows : 

Exponent I. Drawing in charge at constant pressure. II. Work during combustion 
or isothermal compression. III. Adiabatic expansion or compression. IV. Discharge 
at constant pressure. Thus : 

L'i is work during admission in cylinder I, or combustion cylinder. 

L"i „ „ combustion in cylinder I, or combustion cylinder. 

L"'i „ „ adiabatic expansion in cylinder I, or combustion cylinder. 

\}^ „ „ discharge in cylinder I, or combustion cylinder. 

L'ii „ ,, admission in cylinder II, or compression cylinder. 

L"ii „ „ isothermal compression in cylinder II, or compression cylinder. 

L'"n , „ „ adiabatic compression in cylinder II, or compression cylinder. 

L{^ „ „ discharge in cylinder II, or compression cylinder. 

L denotes the work for the whole cycle of the theoretical indicator diagram, being 
the sum of all work in kilogrammetres, and represents the combustion of 1 kilogram of 
fuel. Multiplied by A = -^ we get the same quantities of work in calories. 

V. Heat Valubs (in Palobibs). 

These are given for 1 kilo. of fuel, as follows : 

Q = Total heat of combustion of 1 kilo. of fuel. 

Hl Heat value of 1 kilo. of fuel, that is the quantity of heat carried oflf by the 
cooling water-jacket, during combustion at ordinary atmospheric pressure, in 
Cycle I. 
Hii Heat carried off by water-jacket during Cycle II. 
Hiii „ „ „ Cycle III. 

Hiv „ „ ., Cycle IV. 

Hv „ „ „ Cycle V. 



viii List of Notations adopted in this Book, 

Qi Heat introduced during the cycle in cylinder I. or combustion cylinder, 
Qii „ abstracted „ „ „ II. or compresdiDg cylinder. 

W „ canied away by exhaust gases. 
T Temperature Centigrade absolute (degrees). 
t „ „ by tbei-mometer t + 273° = T«>. 

A few other notations used in the book in a special sense are explalned as they oocur. 
The sign log. signifies logarithm naturalis. 



Metrie Measurements and their English EquivcHenti. 

Unit of length, 1 metre = 3*28 feet (English). 
Unit of surface, 1 square metre = 10*76 square feet. 
Unit of volume, 1 cubic metre = 35*31 cubio feet. 
Unit of weight, 1 kilogram = 2 '204 Ibs. 

„ work, 1 kilogrammetre = 7*233 foot-pounds. 

„ „ 1 horsepower = 75 kilogrammetres = *986 I.H.P. (English). 

„ pressure, 1 atmosphere = 1*0335 kilo. per square oentimetre = 14*7 Ibe. 
per square inch. 

., temperature, 1® Oentigrade = f° F. Degree F. = 32 + |° O. 

„ heat 1 calorie = heat neeessary to raise the temperature of 1 kilo. water from 
O to 1° O. = 3-968 heat units (English). 



THEOEY AND CONSTRUCTION 



OF A 



BATIONAL HEAT MOTOE. 



§1. INTEODUCTORY REMARKS, 

In the foUowing work a new theory of combustion is described, and 
tlie conditioDB are dednced from it which ougbt to govern tbe process in 
a motor cylinder, in order to obtain a maximum of work from tbe total 
beat of combustion of tbe fael. A few typical cases are given, to illus- 
trate tbe way in wbicb tbese tbeoretical propositions »bould be carried 
out in a working engine. Tbis new motor bears a oertain resemblance 
to bot air or gas engines, because tbe process of combustion takes plaoe 
in tbe cylinder. But tbe similarity is only apparent, and tbe working 
principle, and especially tbe metbod of carrying out tbe combustion, are Cj 

entirely different, An examination of tbeir tbeory will sbow tbat gas 
and air engines are worked upon a defective principle, and no improve- 
ment in tbem will produce better results, as long as tbis principle is 
retained. 

§2. PROPERTIES OF GASES OF COMBUSTION. 

Let one kilogram of pure carbon C bum in 6 kilos, of atmospberic 
air, and let 6 > tbe quantity of air tbeoretically neoessary for tbe com- 
plete combustion of tbe carbon. Tbe result will be carbonic acid (COj) 
and nitrogen (N) witb an excess of air. 

Tbe atomic weigbts are: for C = 12; O = 16 (Oxygen). 

Tberefore one kilo. carbon requires for oomplete combustion 

32 
Go = jö = 2'666 kilos, oxygen . . (1) 

and tbe result will be 

Geo, = 3*606 kilos, carbonic acid. . . (2) 

B 



2 Theory aitd Construction of a Rational Heat Motor, 

As the air consists of O '2356 per cent. O and 0*7644 per cent N, the 
qnantity of air neceesary for oomplete combustion is 

Gl = -^^^ = 11-3183 kilos. air. . . (3) 

This quantity of air contains the following amount of ni trogen : — 
Gn = Gl X 0-7644 = 8-6517 kilos, nitrogen. . (4) 

The total quantity of gas produoed by combustion is 

Goo. + Gn = 1 + Gl = 12 - 3183 kilos. . . (5) 

If G is > Gi. there will be an excess of air, and therefore the gaseons 
mixture after combustion is 

Goo. + Gn + (G — Gl)»,, = (1 + G) kilos, gaseons mixtnre (6) 
According to Zeuner * the constants of a gaseons mixture are 

"^ p "D 

B = ^ - oonstant of the characteristic equation 

of the mixture. .... (7) 

2G c 
Cp = -=-/t^ specific heat at constant pressure. . (8) 

c„ = ^^ specific heat at constant volume. . (9) 

For the separate gases composing the mixture the values to be 
introduced into these equations are 

Forair .. .. B = 29,269 c, = 0-2375 c„=0- 1685 k = ^=1-410 



carbonicacid „ 19.204 „ 0-2669 „ 0-1718 „ 1-263 
nitrogen .. „ 30,131 „ 0-2438 „ 0-1727 „ 1-411J 



(10) 



Calculating the gaseous mixture after combustion from these figures, 
and for different values of G, the following results are obtained : — 

kilos. 
WithG=ll-3183 B = 26-879 c, = O 2358 (5.=0'1724 k = 1-368x 
= 20 „ 27-867 „ 0-2365 „ 0-1708 „ 1-384 

= 50 „ 28-691 „ 0-2371 „ 0-1694 „ 1-399 

= 100 „ 28-977 „ 0-2373 „ O 1689 „ 1-405^ 

In the first line the constants are calculated for the theoretical 
quantity of air, and even here they are almost the same for the gases 

♦ *Thennodynamik,' Vol. I. pp. 101, 163. 



(11) 
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of oombnstion as for pure air ; and the greater G beoomes, tbair is the 
greater tbe excess of air, tbe closer do tbey approximate. It may be 
well to State at tbe outset tbat, as tbe new tbeory of rational combnstion 
bere treated is based upon valnes of G (or quantities of air) of 100 kilos, 
and more, it is evident tbat, witb so large an excess of air, tbe constants 
for pnre air may be safely applied to tbe gases of combnstion. 

Tbis analogy between air and tbe gases of combnstion not only bölds 
good for pnre carbon, but to a still greater extent for tbe solid and liqnid 
combnstibles generally nsed, even wben tbey contain a certain percentage 
of moistnre. For gaseons combnstibles Zenner comes to tbe same con- 
olosion. He says : * " Even if we assnme tbat tbe minimnm qnantity 
of air necessary for complete combnstion be nsed, tbe pbysical constants 
before and after ignition will be almost tbe same; and witb larger 
qnantities tbis similarity is still more apparent." Anotber writer, 
Ferrinijf says tbat tbe constants for all combnstibles, wbetber wet or 
dry, sncb as wood, peat, lignite, coal, antbracite, cbarcoal, coke, ligbting 
gas, marsb gas and bydrocarbons, differ only from 2 to 6 per cent. in 
value from tbose for air. 

Tbese well-known resnlts are given in order to sbow tbat, in 
onr applications of tbe tbeory of combnstion to beat motors, in wbicb 
G > 100 kilos., tbe error of substituting tbe constants for air for tbose 
of tbe prodncts of combnstion is only a fraction of a per cent. We shall 
ihereforey in this worh, coimder the humt gases as pure air, and shall of ten so 
designate them. 

A knowledge of tbe laws of Tbermodynamics is assnmed. 



CHAPTER I. 

THEOBY OF COMBXTSTION. 

§ 3. GENERAL OBSERVATIONS ON COMBUSTION. 

The beat value Hj of one kilo. of carbon, pure and dry, bumt at atmo- 
spberic pressure, bas often been determined, and may be taken at 

Hl = 7800 calories. . . (12) 

Tbis result, obtained by Favre and Silbermann, bas not been essentially 
modified by låter experiments and calculations. 

* * Thermodynamik,' Vol. I. p. 405. f * Technologie der Wärme,' 1878, p. 154. 
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4 Theory of Combustion. 

Tliis value, Hj, is obtained by a complioated prooess. The ooal mnst 
first be heated to the temperature of ignitioii ; the carbon then combines 
chemically witb the oxygen, and is resolved into a gas ; and finally, during 
oombustion, changes take place in the gases originally present and those 
generated, extemal work is done, heat given off, &c. It is not possible 
to follow these phenomena in detail, because we do not know either the 
intemal heat necessary for the formation of the combustible gas, nor 
the heat developed by the oombination of the C and O, nor other neces- 
sary valnes. Nevertheless the practical resnlt of these complioated 
phenomena, or the value Hj, is known where ordinary oombustion 
takes place, and from it conclusions may be drawn, and applied to other 
oycles of oombustion. 

As the theory of Thermodynamics enables us, from some experiments 
of Kegnaulfs, to determine all changes of physical state in gases and 
vapours, scienoe can, in the same way, deduce other similar processes 
from the standard method of combustion. 

The intemal heat of 1 kilo. of any gas is expressed as follows : — 

J = Jo + o,T, . . . . (13) 

Jo being what is called the oonstant of the intemal heat of the gas. 
This value, Jq, is unknown, but it can only be a fanction of the other 
constants for gases, that is, of B, c,, e„ (see equation 10, p. 2). From the 
preceding remarks the oonclusion can be drawn that the value of Jq for 
combustible gas will be the same as for pure air, because these two gases 
have been shown to be identioal physically, and therefore, according to 
Zeuner,* the equation for a gaseous mixture is 

Jo-^ygr- . . .■ . (14) 

This is an equation of the same oharacter as those for the other con- 
stants of a gaseous mixture. But we will not make any use of it, as this 
value of Jo is an assumption which cannot be proved. 

In order to follow olosely the process of combustion, we will imagine 
it to be carried out in a cylinder with piston, as already described by 
Zeuner. (The piston is supposed to be without friction.) Like every 
other ohange of physical state, oombustion should be studied from two 
points of view. 

(a) According to the quantities of work absorbed and given out, 
(dynamio process). 

(h) According to the quantities of heat set in motion (thennal process). 

We will proceed to consider the 

♦ •Thermodynamik,'Vol.I.p.l65. 
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§ 4. FIRST CYCLE OF COMBUSTION 

or simple combustion^ as carried ont 

in a fael oalorimeter, to determine the 

heat yalue of a combnstible. Tliis 

process is characterised by the fol- 

lowing phenomena: — ^first, it takes 

place at atmospheric pressure |>, and 

secondly, the final temperatnre of the 

bumt prodnets is the same as that 

of the atmosphere (T). If a cylinder 

is used instead of a calorimeter, the 

waUs must be oooled extemally with Fio. l. 

water, as shown in Fig. 1. 

(a) Dynamic Process. 

The piston first draws in G kilos, of atmospheric air, and energy or 
work is thus prodnced : 

L\ = Qpv, , . . , (15) 

v being the specifio Yolnme of the air, and 

pv = BT the characteristic eqnation for all gases. . (16) 

These notations and the system foUowed are explained in the key at 
the beginning of the book. 

Next, one hihgram of comhuatibh is drawn into the cylinder, whereby 
work is also prodnced, namely 

L'b=1>«b, . . . . (17) 

in which v^ is the specific volume of the combnstible at atmospheric 
pressnre _p, and at atmospheric temperatnre T. The combnstible may 
be solid, liqnid, or gaseons. Ignition then follows. The combnstible 
bnms, a qnantity of heat Hi, called the heat valne of the cycle, is 
carried off extemally, and (1 + G) kilos, of gases of combnstion are 
prodnced. Before ignition the volnme was 

Vi = Gr + rB, . . . (18) 

after combnstion it is 

Vis = (l + G)<;, . . . (19) 

becanse the pressnres and the temperatnres are eqnal. Therefore actnal 
combnstion at cOnstant pressnre prodnces the foUowing work : 

t"i = P (Vis -yi)-=p(v- »b), . . (20) 



6 Theory of Combustion. 

and the total theoretical work produoed is' 

In order that the cycle may be repeated, the gaseons mixtnre must be 
discharged into the atmosphere, necessitating an expenditnre of work 

Lr = (l + G)l>«. . . . (22) 

The total nsefol work is equal to the 
difference between the work prodnced 
and expended, namely, 

. Li = zero. . (23) 



Pjq 2 The indicator diagram of this cycle 

is represented at Fig. 2, in which 

1 to 2 = Drawing in atmospheric air. Work LV Formula 15 

2 „ 3 = Drawing in the combustible. Work L'b. » 17 

3 „ 4 = Combnstion at constant pressure. Work L"i. „ 20 

4 „ 1 = Diiächargeoftheproducts of combnstion. Work LJ^ „ 22 

Therefore, although during combustion, useful work equal to the shaded 
area of the diagram is produoed, it cannot be utilised, because the pro- 
ducts of combustion must be discharged into the atmosphere. 

(6) Thermal Process. 

By drawing in G kilos, of air, the quantities of heat delivered to the 

cylinder are 

GJ = G(Jo + c,T). . . . (24) 

By drawing in the combustible, the quantities of heat delivered are 

Jb = Jb . . . . (25) 

Jb being purposely allowed to remain, because the condition of the com- 
bustible may be either solid, liquid or gaseous. 

During combustion the heat carried off extemally is represented by 
the heat value Hp After combustion the quantities of heat in the 
cylinder are 

(l+G)Jis=(l + G)(J'o + c.T). . . (26) 

As we do not intend to make use of the hypothesis that Jo for com- 
bustible gases is the same as Jq for air, another value is introduced into 
formula 26, namely, Jo per kilo., as the constant of the intemal heat of 
the gases of combustion. If we call Q the ^ea/ of comA^u^twa^ that is, the 
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heat evolved by the ohemioal combination of the molecules, this heat Q 
will evidently be equal to the diflference between the intemal heat 
before and after combuBtion, plus the heat carried oif extemally Hj, and 
the equivalent of extemal work \1\ (see equation 20). This may be 
mathematically expressed thns : 

Q = (1 + G) {J'o + c,T} ~ G {Jo + c,T} -. J3 + H, 4 A|>(t; - ^b); 



Q = H, + A|>(f;-i7B) + (l+G)J'o-GJo + c,T-. Jb. (27) 

This is the fundamental equation for combustion. 

If we Buppose the oombustible to be solid or fluid, the diflference 
between its specific volume »b. as compared with the specific volume of 
the air «? is inappreciable, and may be neglected, in the same way as the 
intemal heat Jb of a solid or fluid body, if compared with the intemal 
heat of gases Jo, Jo> and the considerable heat quantity' Hj. If we 
assume for the present that Jo' = Jo> the fundamental equation may be 
more simply expressed thus 

Q = Hx + A|>t7 + (Jo + c,T). . . (27a) 

Thus the heat of combustion Q acts in three different ways : — 

1. To generate the heat value Hi, which is carried off extemally. 

2. To produce external work. 

3. To produce the intemal heat of 1 kilo. air (or of combustible 
gas). 

No use can be made of equation 27 because it contains four unknown 
quantities, viz. ; Q J© J'o Jb« But it becomes of great value if another 
cycle of combustion be studied in the same way. For there can be no 
question that, whatever process of combustion is employed, Q being 
generated whoUy by the chemical affinity between the C and the O 
under the form of CO2, is a constant for the same combustible. But if 
the temperature or the pressure vary, this heat Q will be differently 
distributed, because the intemal heat of the gases generated from solid 
carboQ is modified by the working conditions, as also the exterual work 
performed. 

The heat generated by chemical affinity in a given combustible is 
independent of the physical condition of the air necessary for combus- 
tion. This assumption i» th^ only hypothesis in this work. Of course 
it is impossible to admit that, by the chemical combination of equal 
quantities of similar substances, different quantities of heat can be de- 
veloped. Nevertheless the quantities of heat produced, acoording to 



8 Theory of Combustion. 

the oonditions under which they aare generated, will be differently 
divided between : 

Heat value. Extemal work. Intemal work. 

All chemical prooesses carried out under pressure yield the same 
produots as if they took plaoe at atmospheric pressure. Even if the 
pressure be increased to several thousands of atmospheres, as in the case 
of fire-arms, the produots of ohemical combination are exactly the same as 
those obtained when the explosive substance is ignited at atmospheric 
pressure. This proves that the intemal process of grouping the atoms 
into their closest connection is always the same, and we may safely con- 
clude that the generation of heat must also be always the same. This 
deduction can hardly be considered hypothetical. The 



§ 5. SECOND CYCLE OF COMBUSTION 

is supposed, like the first, to take place at atmospheric pressure, but on 
the other hand we do not have the heat quantity Hi carried off exter- 
nally, but Hn < H . In this cycle, therefore, Hn is the heat given off 
in the cylinder with water-jacket Fig. 1. 

(a) Dynamic Process. 

Work produced during the admissioni L'i = G p % according to equa- 

ofair ! tion 15 

Work produced during the admissionl Lg = j?«b, according to equation 

of the combustible ) 17. 

Ignition then takes place. The air expands at constant pressure» 
producing work, but as the heat carried off extemally is Hn, the final 
temperature is not, as in the first cycle, equal to the temperature of 
the atmosphere, but another higher temperature, T^g. Although un- 
known, T^g may be obtained by calculation (see equation 38). Con- 
fining ourselves to general considerations, we will not determine this 
final temperature, as would be easy, from the well-known propositions 
conceming gases, but deduce it from an examination of the process of 
combustion. 

Let US assume that T^g is known ; the final volume after combustion 
will then be : 

Vis = (1 + G) t^i8= (1 + G) ^'- • (28) 

Before combustion the volume, according to equation 18, was 

Vi = G t; + %. 
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The work produoed by aotnal combastion at oonstant presmire is 
therefore 

^'i = 1> (Vis - VO = 1> {(1 + G) ris- G r - «b} . (29) 

The total theoretical gain in work at the end of combnstioii is 

Ui + L'b + U\ = Cl + G)l>«i8. . . (30) 

To empty the cylinder an expenditure of work 

L? = (l + G)i>r,g • . . (31) 
is neoessary. 

The total usefnl work, equal to the difference between the prodnc- 

tion and expenditure of work, will be 

Li = zero. .... (32) 

Therefore, as in the first cycle, there is no nsefal work. 

The shape of the diagram is the same as in the first cycle (see 
Fig. 2), but the portion 3 to 4 is longer, the final volnme t^ig of the hot 
air being greater than v. 

Q>) Thermal Process. 

The heat contained in the air ) G J = G (Jo + c. T) Érom equation 24, 

admitted is ) P- Ö. 

The heat contained in the \ -r ▼ A.r.w. ^»«^*^^ ok •v ä 
1. x-vi :i -XX j • i Jb = Jb, from eqnation 26, p. 6. 
combnstible admitted is 3 

Dnring combustion the heat carried off extemally will be Hq (instead of 
Hl as before). After combustion the quantity of heat present in the 
cylinder will be 

(1 + G) J„ = (1 + G) { J'o + c. T,b} . • (33) 

The extemal work performed during combustion L", is given by equa- 
tion 29. The fundamental equation on which this process of combustion 
is based is therefore 

Q = (1 +G) {J'o+c.T4 - G(Jo + (5.T) - Jb + Hh 

+ Ap {(1 + G)«ig- Gr-f?B}, 
or 

Q = Hn + A|>{(l +G)«is-Gr- b} +(1+G)J'o-GJo 

+ (1 + G)c,Ti8-Gc,T-Jb. . . (34) 

Here, as in the first cycle, the equation can be shortened, and a very 
simple formula obtained ; but, as we have said, we will not make use of 
this method. 
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The fundamental equation of the first cycle is, from eqnation 27, 
Q = Hi + A|>(t^ - <'b) + (1 + G) Jo - G Jo + c,T - Jb. 
Subtracting it from eqnation 34, the reeult will be 

O = Hn-H, + (1 + G) {Ap(i;,s-t;) + c,(T,s- T)}. (35) 

Now according to the laws of thermodynamics, 

i>t;,g = BT,8 pv = BT c, -c. = AB, . (36) 

which, introduced into the previous formulte, gives 

H,-Hn = (l + G)c,(T,s-T). . . (37) 

This eqnation might have been dednoed at first, bnt we have preferred 
to work it ont after studying the complete process of combustion. 
From it T^g may be calenlated, if a given value be assnmed for Hn. By 
taking the heat of combustion Q as equal in both the cycles, the 
unknown quantities Jo, J o> Jb> Q» ^^b are eliminated. If the actual 
processes be considered, it cannot be doubted that Q in both cases is 
the same, hut no use has been made in the calculation of the relation 

Jo ^ Jo» 

Equation 37 shows that the result of Cycle II. is the same as if com- 
bustion had first taken plaoe according to Cycle I., by carrying off the 
heat quantity Hj, and afterwards by adding extemally at constant 
pressure the heat quantity (Hj — Hq) to the gases, including the newly 
formed COj. From the same equation oomes 

T„=T + ^V^?H., . . . (38) 



(1+G)c, 



'P 



a formula from which the maximum temperature of the cycle, that is, 
the temperature of camhwtion, can be calenlated. If Hn = Hi, T^g will be 
= T, as in the first cycle. The value Hn can, as we see, be chosen at 
pleasure ; we may even make it Hn = zero. Thus we obtain 

This proves that combustion may be so carried ont that no heat is given 
off externally, but the whole remains in the.combustible gases. Iq the 
case under consideration, it exists in the form of sensible heat, and may 
as suoh be refunded, by cooling the gases at constant pressuie. This 
available heat is 

W = (1 + G)c^(T,s-.T) = H„ \ . (40) 

that is, equal to the heat value of the combustible. 
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The next question to determine is, if a process of combustion can be 
so regnlated that no heat is given off extemally, but the heat in the gas 
is refanded, not in the form of sensible heat, but partly or wholly in 
the form of work. This is the ideal combustion, having for its main 
object the production of work. We will now show that this ideal can 
be realised. 

§ 6. THIRD CYCLE OF COMBUSTION. 

This is also intended to take place at constant pressura But this 
pressure is now assumed to be greater than the atmosphere, and is 
therefore designated 'p^. To carry out this cycle it is necessary, in the 
first place, to compress the air drawn in for combustion to the pressure _pi, 
which may be done in various ways. 

(a) Dynamic Process. 

To show clearly the operations taking place, let us suppose that 
compression is carried out in a separate cylinder, in which the work 
expended is represented by the diagram, Fig. 3. In this diagram all 



-nn^^PtSV 




au(p-v T) 



Fio. 3. 

notations denoting quantities of work or heat are marked with the 
index II, signifying that they refer to the air-compressing cylinder II. 
The parts of the cycle represented in Fig. 3 are as foUows : — 

to a. Drawing in atmospheric air at pressure p ; temperature T ; 
work produced, LJi. At point a the state of the aii- is |? t; T. 

a to 2. Compression along an isothermal (or other) line, with heat 
carried oflf, Qn ; work expended, L"„ ; the state of the air at point 2 is 

i?2 ^2 ^2- 
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2 to 1. Adiabatio compression ; wbrk expended, L" n ; state of air at 
point 1 i8|)i f?i Tj. 

1 to 0. Discharge of the compressed air for oombnstion into a 



reservoir. Work expended, L J • 

Thus the total work expended in thid diagram, to cömpress the air 
for combustion, is 

L„ = L"„ + L"'n + LS^ - LL. . . (41) 

If the cnrve a 2 be ignored, compression will be only adiabatio. This 
is the usnal method of compression, and can be dednced from the follow- 
ing formnkd, if we make p2 = V* Therefore the equations may be pnt 
thus : — 

Work gained while drawing in the air from atmosphere 

Li =Gi?«, .... (42) 
in which 

|?t; = BT (43) 

Expenditnre of work during isothermal compression 

Lg = GBTlog.^^ . . . (44) 

where 

l>2«2=i>«' (45) 

It is here assumed that pj ^^ arbitrarily ohosen ; we shall see låter how 
it is to be really determined. If we make p^^P ^'^ isothermal cnrve 
disappears, and L"n'= O (zero). 

The heat carried off during isothermal compression is 

Qn = ALS .... (46) 

Expenditure of work to obtain adiabatio compression 

L'"n = G|(Ti-T) . . . (47) 
where 



^(^:)-=er"- • • <«) 



The maximum temperature Ti being given, the pressure p^ and the 
Yolume ©1 can be calculated from it by formula 48, or, on the other hand» 
Pi may be given, and the temperature T^ determined from it. The 
expenditure of work to drive out the air is 



p^ 



Lj = G|?ifri .... (49) 
where 

l>,r, = BTi . . . . (50) 
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The total work expended to prepare the air for combastion is oalcu* 
lated from eqiiatioii 41, the values for L» being 

L„ = akr, + J (T, - T) + BTlog.^^ -i^rj, 
and foUowing formnla 36 



L„ = GJJ(T, -T) + BTlog.^» 



(61) 



As regards the combustible, it must be drawn in by a pump, raised to 
the pressure j^^, and forced at this pressure into the oombustion spaoe 
of the cylinder. If it is a gas, it must be again compressed, and all 
the equations of oompression previously given can be used to calculate 
it, omitting G, because one kilo. only of combustible is supposed to be 
used. For the present we will not consider the working agent as a gas ; 
for solid and liquid combustibles the work produced during admission is 

Lb = P»b» .... (52) 

and the work expended to drive the fuel into the oombustion cylinder, 

I^B *= Pl ^B • • • • (53) 

(the specifio volume Vb being taken as a constant). Therefore the total 
work expended to prepare the combustible for work .in the cylinder is 



Lb — Lb = (pi — j?)t7B 



(54) 



J-^VW 




*\\V 



Fio. 4. 



We must next examine the process of work in the oombustion cylinder, 
represented by the diagram, Fig. 4. All figures denoting quantities of 
work are here marked with index x, that being the notation employed 
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to signify work in the combustion cylinder 1, as in Fig. 1, p. 5. The 
parts of the cycle are : — 

to 1. Admission of the air for combustion at constant pressure p^ ; 
positive work done, L'i. State at point 1 = Pi t»i T^. 

1 to Ig. Curve of combustion according to any given law. Work 
produced during combustion Lj" ; this may also be called the work of com- 
bustion. During this period the heat given oflf extemally to the water- 
jacket is Hm. In Fig, 4 the combustion curve, to make it applicable 
in all cases, is not strictly defined, and combustion at constant pressure 
is only one type of several. The condition _pig »is T^g denotes the end 
of combustion. 

Ig to 2s. Expansion curve of the bumt gases ; this is supposed to 
be always adiabatic. Work produced, L/" ; final state, |?2S «2S Tgs. The 
point 2g may be sometimes above that of the atmosphere ; in our calcu- 
lations expansion generally ends at atmospheric pressure, in which 

case|?2s= V* 

2g to w. Discharge or exhaust of the gases to the atmosphere at 

constant pressure |?. Work expended, ll\- 

The total useful work produced in this diagram in cylinder 1 is 



Lx = L'x + V + Lr-Lr 



(55) 



The aotual useful work of the whole cycle is equal to the work gained 
in cylinder 1, less the work expended in compression in cylinder 2, or 

L = LJ - Ln (56) 




V-Gv "^ -I r-O^ir- 



Fiö. 5. 



This work, L, is graphically representedby superposing the two diagrams, 
Figs. 3 and 4, producing Fig. 5. 

The point 2g does not exactly correspond with the initial point a, 
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because the quantity of gas G has been increased by 1 kilo. of com- 
bustible. The shaded surface represents the work L, which is always 
Bomewhat larger than the work obtained from the corresponding cycle 
without combustion. The smaller the quantity of air G, in proportion 
to the kilo. of newly formed gas, the greater will be this increase in the 
area of work. In the case under consideration, the increase of work 
being inappreciable, it may be negleoted (because G > lOO)'"^-. 

In theory the work produced during the admission of combustible 
Lg = pi »B also belongs to the expansion diagram, Fig. 4, cylinder 1, If 
this work be deducted from the expenditure, aocording to equation 54, 
the foUowing positive or useful work remains : 

Lb=1>«b = Lb (57) 

Here v^ is so small that this work Lb may be neglected, at least for solid 
and fluid substances. 

These premisses being established, we can now write the formulaa 
for the combustion cylinder. 

Work gained during the admission of air L'i = G_Pi v-^. (58) 

„ „ „ combustible L^^ = p^ »b- (59) 

Ignition now takes place, either artificially or by compression, if the 
temperature T^ be high enough. We assume that coal is injected into 
the cylinder in the form of dust, and the fluid combustible in a 
pulverised condition. This fuel is forced in at different times and in 
varying quantities, giving different methods of combustion, as hereafter 
explained. 

The combustible then bums, and at the same time a quantity of 
heat Hm is carried off extemally by the water jacket, the pressure p^ 
remaining constant. Useful work will therefore be done. Hjn can be 
varied at pleasure, that is to say, after combustion either the initial 
temperature T^ (as in the first cycle) can be obtained, or another final 
temperature T^g. This temperature T^g is unknown, but it can be calcu- 
lated. Let us first assume that it is known, in which case the volume 
after combustion is 

ViB = (l+G)f;ig. . . . (60) 

The pressure p^ being constant, 

Pit;ig = BTi8. . . . . (61) 
The total volume of the mixture before combustion was 

Vi = G<?i+rB (62) 
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The work produced by actual combnstion is therefore 

L"i = Pi (Vi8 - VO = i>i {(1 + G) f;,8 --Ov.^v^}. (63) 
Combustion being ended, the total work gained in kilogrammetres is 
L', + LS' + L"i = (1 + G)1>i^i8. . . (64) 

Here the prooess of combustion ends, but not the cycle of available 
work, because the gases in the cylinder at pressure p^ can still do work. 
The utilisation of this work can take place in different ways; for 
instance, by allowing the gases to expand adiabatioally to below 
atmospheric pressure, then oompressing them isothermally to p, heat 
being meanwhile abstracted; the gases are then discharged. This 
cyole, however, necessitates an inoonveniently large cylinder, and 
isothermal compression introduces complication into the engine, not 
counterbalanced by the corresponding insignificant increase of work. 
Expansion should, therefoie, be always limited to atmospheric pressure 
l>, and the gases then discharged, our object being to produce a cycle, 
which, neglecting minor details, can be practically realised in a; motor. 

If, therefore, the gases are allowed to expand adiabatioally to 
atmospheric pressure J9, the work gained is 

L"', = (l + G)|(Ti.-T^). . . (65) 

The final temperature T^g is not generally equal to that of the atmo- 
sphere, but can be calculated from the adiabatic equation 

Lastly, the work expended in discharging the gases is 

Lr = (l + G)i^r28, , . . (67) 
in which v^ can be calculated from 

pr28 = BT28 . . . . (68) 

The total work gained in the combustion cylinder is, according to 
equation 55 

I^i = (1 + G) {Pi t^i» + J (Tis- T^b) - iit;2.| , 
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or, in accordanoe with the thermodynamic laws expressed in equa- 
tion 36, 

L, = (l + rx)|(T,8-T,s). . . (69) 

where Tgs, from eqnation 66, can be replaced by known valnes. 

According to eqnation 66, the gain in work during the complete 
cycle in both cylinders is 

L = (1 + G)|t«(i - ^) - G Jt,(i - J.) - GBTlog.^. (70) 



FiG. 6. 




FiG. 6a. 



in whioh the work done by the combustible is no longer taken into 

T T 

account. The values 7^ ^^^ -m- are obtained from equations %Q and 



Ti 



48. 
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Thu8 L is the work in the cycle ohtained from 1 kilo. fud during com- 
hustion, all our calculations heing hased on 1 kilo, of comhustihle, 

Equation 70 shows that such a process of combustion, taking plaxje 
under pressure, produces an actual gain in work. Herein lies the 
difference in principle between Cycle III. and the two previous cycles I. 
and II., where there was no gain, or excess of positive över negative 
work. The only question is how to make this gain a maximuifi. In 
the diagrams of the third cycle (Figs. 6 and 6a) the combustion curve 
is no longer undetermined, but is taken as the line of constant 
pressure. 

Fig. 6. & a 2 1 O is the diagram of compression ; a 2 is the iso- 
thermal, 2 1 the adiabatic curve. The 8mall shaded area is the portion 
represen ting the compression of the combustible. 

Fig. 6a. Diagram of expansion. O 1 is the admission of the gas. 
1 Ig, combustion line at constant pressure. Ig 2g, adiabatic expansion. 

The superposition of the two diagrams gives the shaded area or 
work L, which is no longer equal to zero. 

(&) Thermal Process. 

Quantity of heat in the air drawn into the combustion cylinder, or 
internal heat : 

GJ, = G{Jo + c,T,}. . . . (71) 

Quantity of heat in the combustible drawn into the cylinder : 

Jb = Jb (72) 

Although the combustible is at the pressure j?i, its temperature is 
only equal to atmospheric, and therefore its internal heat is the same as 
in the former cycles. 

Heat carried off externally during combustion by the jacket, Hm- 

Quantity of heat in the cylinder after combustion, 

(1 + G) J,g = (1 + G) { J'o + C. T,g} . . . (73) 

Work produoed by combustion = L"i, according to equation 63. 
The fundamental equation of this process of combustion will there- 
fore be as follows : — 

Q = Hni + A|>i {(1 + Q)v,s - JGf;i - v^} + (1 + G) J'o 

- G Jo + c,T,s(l + G) - c. Ti G - Jb. . (74) 

If we deduct from it equation 27, of the first cycle, and make use 
of the thermodynamic formulsö in 36, we get 

Hl - Hin = (1 + Q)c,T,s - Gc,Ti - c,T - Avj,(p, ^p). (75) 
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Neglecting »b» the equation becomes 

H, - H,u = c, {(1 + G) T,s - G Ti - T}. . (75a) 

From this equation the temperature of oombustion T^g, before 
unknown, can be calculated, namely, 



A formula which is very similar to 39. From it we get 

_ Hx-Hxn-c^(T,8-T) 

c,(T,3-T, • • 



(76a) 



In equation 76, T^ can be replaced by its value in equation 48, and 
the result is 



T - ^ 



^»'-(l + G) 



Hl — Hin 



K'^«(rll- 



If, therefore, the temperature T^ of compression of the air for oom- 
bustion be determined, the temperature T^g at the end of oombustion, or 
the maximum temperature of the cycle, can be calculated from equa- 
tion 76. This maximum temperature depends upon the weight of air 
G. . On the other hand T^g may be chosen at pleasure, and G determined 
from it, instead of working from the opposite direction. Expansion 
having taken place, the air or gases discharged into the atmosphere 
still contain the quantity of heat W, namely, 

W = (l + G)c,(T^-T). . . (77) 

Therefore, during the complete cycle, heat has been added equal to 

Qi = Hi-Hni,. . . . (78) 

and carried off : Qn during the compression of the air, and W during 
exhaust (wasted). The difiference between the heat received and carried 
off is 



(H, - Hm) - W - Qn = c, {(1 + G)T,g - GT, - T} 

-(l+G)c,(T2g-T)-AGBTlog.-^ 

V 

= (l+G)c,Ti«{l-|l«)-Gc,Ti(l-J^)-AGBTlog.^^. (79) 



c 2 
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This is the equivalent of the work done, acoording to equation 70, 
proving the correctness of the heat balance. 

Biit Hl — Hni = Qi is the quantity of heat left in the cylinder 
during the working cycle, sinee Hm is, intentionally^ or not, carried 
ofiF externally. The prooesses are exactly similar to those taking 
place in a steam engine and boiler. Hm represen ts the loss of heat 
during combustion = the heat löst by radiation and up the chimney, &c. 
Hj — Hin is the heat given to the boiler. Then if we call A L the 
equivalent of useful work done by the engine, the thermal efficiency 
will be : 

AL 



-n = 



Hl — Hd 



(80) 



It is well known that if T^ be the temperature from the boiler, T that 
of the atmosphere, the maximum theoretical ef&ciency in a steam 
engine is, according to Carnot, 

^nuu. = -^ ... (81). 

In the cycle of combustion we are considering, the thermal efficiency is 
expressed exactly as in equation 80, or by combining equations 70 and 
7öoi thus 

Hj — Hin 

(l + G)c,T,s(l-^^)-Gc,Tyi-^)-AGBTlog.^^ 

c,{(l+G)Tis-GT,-T} 

It is difficult to obtain a clear insight into the working of a cycle 
in a cylinder from a general equation of this kind. On the other hand, 
the study of a few special types, with numerical examples, will perhaps 
bring out more clearly the import ance of the third cycle. Stress must, 
however, be laid upon the fact that a process of combustion cannot be 
judged exolusively by formula 80. 

AL 
Hl — Hi„ 

It is neoessary also to determine the conditions under which Hm niay 
become as small as possible, and even equal to zero, as it is heat carried 
off externally by the cooling jacket, and wasted. The foUowing points 
should be aimed at : — 

1. To diminish Hm as muck aa j^osaible, or reduce it to zero. 

2 To increaae rf as much as possible. 

Our main endeavour should therefore be tö increase the thermal 



Third Cycle of Combustion. 21 

efficiency of the total heat developed by combustion, bo as to obtaio the 
maximum actual efficiency, thus 

yl = ~ (83) 

XJnquestionably the study of the cycles of combustion, from the point 
of view of equation 80 alone, is the chief reason why so little progress 
in heat motors has hitherto been made. 



(o) Third Cycle. First Example. 

Air Engine mth closed fumace, 

We will snppose that there is no isothermal compression, and that 
the air for combustion is only adiabatically oompreesed. Therefore, as 
already mentioned (p. 12), p2 = p, and the following results are ob- 
tained : 

1. In the compression cylinder. — The work produced while drawing in 
the charge, as per eqiiation 42, remains as before, viz. : 

L'n = Gl>r (42a) 

The work of isothermal compression (equation 44) is zero, as also the 
heat carried off during compression. 

Equation 47 gives the work of adiabatic compression 

L'"n = ^-(Ti-T), . . . (47a) 
and equation 48 becomes 

The work expended in driving out the* charge, according to equation 49, 
remains the same : 

Lu=QpiVi (49a) 

Total work expended in compressing the air for combustion, according 
to equation 51 is 

• L„ = ^'(T,-T) = «5^{(A)'^^l}. (61a) 

2. In the combustion cylinder, — In this case there is no change in any 
of the working conditions, as compared with the original cycle, therefore 
equations 60 to 69 remain valid. The heat action is also the same, and 
equations 70 to 81 require no modification. 
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3. For the complete eyde. — By combining equation 66 for the com- 
bustion cylinder with equation 48a for the compression cylinder, 
we get 

Z-^s (84) 

The introdnction of this formula into equation 70 gives for the total 
useful gain in work during the complete cycle, in kilogriammetres, 

L = J^^{(l+G)Ti8-GTi}, . (85) 
or, if Ti8 be replaced from equation 76, 



and from equation 82 taking 76 into account 
AL Ti - T 



V = 



Hj — Hjii Tj 



l+HT^TB^Ii' • («7) 



The work per kilo. of combustible is therefore quita independent of 
the quantity of air G ; it depends on the limits of the temperature of 
compression T^, and on the values Hi and Hni, that is, on the balance 
of heat developed and löst during combustion. 

The temperature T^g, equation 76, does not differ from that of the 
original type with isothermal and adiabatio compression. This maxi- 
mum temperature of combustion is therefore independent of the way in 
whioh the air is oompressed (T^ being assumed the same), but depends 
entirely on the quantity of air G, 

Neither the thermal efficiency nor the work L depend upon the 

m rp 

quantity of air, but principally upon the formula \ , that is, upon 

the amount of compression of the air. The more the latter is oom- 
pressed, the greater thermal efficiency may be expected ; this efficiency 
being quite independent of the maximum temperature T^g attained 
after combustion. There is not, therefore, the slightest advantage in 
increasing T^g, or the temperature of combustion. On the contrary, if 
it is high, it is necessary to carry off much heat extemally by cooling 
the walls with water, to prevent damage to the cylinder, &c., and to 
lubricate the engine properly. If Tjg is high, it causes Hm to be 
high also; T^g must therefore be diminished as much as possible. 
Equation 76 shows that with this object G should bo increased. 
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Thus to increase the quantity of air has the effect of reducing Hin ; 
in other words, of diminishing the cooling of the cylinder. 

The special tjpe of motor here described represen ts the ordinary air 
engine with intemal oombustion. Here T^ is not high, because the air 
for oombustion is compressed at most to two or three atmospheres, and the 
weight of air G is very small. The air is foroed into a olosed f umaoe, 
and therefore all excess of air is immediately provided with the ooal neces- 
sary for its oombustion, and the quantity G will vary very little from the 
theoretic quantity Gl = 11 '3183 kilos. ; Tjs will in consequence be very 
high, and much cooling of the cylinder will be necessary. 

If we take G= 11*31 83, p = l atmosphere (the temperature of the 
outer air T = 293°, corresponding to t = 20° G.), and compress to j>i = 
3 atmospheres, we obtain from equation 48a, 

Ti = 403° Abe. (130° C.), 

that is. the air enters the fumace or chamber at a temperature of 130°. 
Equation 76 gives 

Hl - Hjii 
^^« "c, X 12,318 + ^'^*- 

Now TjB must have a practical limit. It does not seem possible to 
exceed 2000° C. or T^g = 2273° ; if this temperature be adopted, we get 

Hl — H„i =6791 calories; for i = 7800 calories, 

Hjii = 2009 calories = about 26 per cent. of the total heat value 
of 1 kilo. of coal. 

This heat must therefore be carried ofiF during oombustion, in order 
that the oombustion space, cylinder, &c., may be kept at practical tem- 
peratures. 

From equation 87, rj = 0-276, therefore AL =77 (Hi-Hm) = 1566 
calories, or, in round numbers, 20 per cent. of the heat value of the 
combustible. This is the theoretical maximum which in air engines, as 
at present constructed, can be tumed into work. 

Equation 84 gives the temperature of the exhaust gases : 

Tas = 1652° Abs. (1379° C.), 

from whence W = 4225 calories = 54 per cent. of the heat value carried 
off in the exhaust gases. The heat balance is therefore as foUows : — 

I In the cooling water 26 per cent. 
„ work done 20 „ 
„ exhaust gases 54 „ 

Total .... 100 „ 
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In praotice, however, the actual efficienoy r{ = -.=- is much less than 

20 per cent., and for the foUowing reasons : 

1. Compression seld9m attains 3 atmospheres. 

2. The assumed temperature of 2000° C. in the combustion spaoe is 
too high for actual working ; thus, during combustion, more heat must 
be carried oflf. 

3. Heat must also be carried off during expansion, to preserve the 
working parts, for if the temperature of the exhaust gases were 1400°, 
the cylinder would become red hot. 

Thus, in a Bénier air engine tested by Dr. Slaby,* the foUowing 
heat balance was obtained. 

Heat in the cooling water 41*5 per cent. 

„ tumed into work 6*0 „ 

„ carried off in exhaust gases .. 46*5 „ 

- Eadiation, &c 6*0 „ 

Total 100 

This system of air engines is considered the best, and serves as a 
basis for ,the mo8t modem types. 

Here the weight of air used was only a little more than the theo- 
retical quantity required (7*3 per cent. in excess); the highest tempergfc- 
ture in the working cylinder was 1400° C, and the temperature of the 
exhaust 700°. 

It is not difficult to study a cycle upon the basis here indicated, even 
where heat is carried off during expansion. With a closed combustion 
chamber it is practically impossible to obtain a better utilisation of the 
heat, because the actual weight of air G is always about the same as the 
theoretical quantity required. This causes T^s to be very high, and 
considerable cooling of the cylinder is necessary, not only during com- 
bustion, but during expansion. Further, it is impossible to imagine 
that in a combustion space exposed to such high temperatures, pressures 
can be attained above 3 or 4 atmospheres, as cast iron, <&c., becomes 
porous. An attempt has been made to overcome the difficulty by 
utilising part of Hm, or the heat going through the metal, to evaporate 
the water in the jacket, and to obtain work from the steam thus gene- 
rated, either alone, or mixed with air. In some respects this process is 
good, but it makes the motor complicated. Besides, Hni is itself utilised 
at great disadvantage. Taking, for instance, the best steam engines and 
boilers, an increase of about 7 per cent. of Hm can be realised in this 



* 
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manner, increasing tbe total efficiency to about 2 * 5 per cent. Tliis is not 
sufficient to justify the complicated motors whieh have been proposed of 
late years, to work with steam in combination witb combustible gases. 

It is generally admitted tbat tbe best way of improving air engines 
is by the addition of a regenerator; Zeuner has proved tbeoretically 
that, by the nse of this apparatns, the total heat contained in the 
exhanst gases (from 40 to 50 per cent.) can be refanded. Many of the 
new patents, therefore, contain some type of regenerator. We will now 
examine the aotion of a regenerator with the help of the preceding 
formnlsB. 

Let US assume that a regenerator imparts the fall temperature T^g of 
the exhaust gases to the fresh charge of air, making the loss W = zero. 
In formnla 87 we mnst then replace T by T^ and Tj by a higher tem- 
perature Ti' ; we shall also have another pressure ^\ instead oip^. The 
formula then becomes 



°('-r:)[' + H7^|- ■ • m 



Equation 48a, 






was applicable before, but witb a regenerator this formula becomes 



«- 1 



i^ = (I-\ ' . ... (89) 



If we assume that compression is carried to the same final pressure as 
before, that is, p\ = 2>i, the result will be 

^=^ "w 



and the thenpal efificiency, with a regenerator, 

(91) 



= 0-r.) 



1+— ^^- 



Hi — Hu 



If this formula be expressed in figures, the numerical value of 

—^— — — will be found so great, that only the factor ^1 — =-j is of 

importance, and accordingly the thermal efificiency is only impereeptibly 
increased by a regenerator. In our example given above the efficiency 
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is 28*9 per cent. witli, instead of 27*6 per cent. without a regenerator, 
the gain in theory being 1*3 per cent. only. 

But in this calculation there is an error, Hj — Hm being assumed to 
be of the same value in both cases. If it be carried furtber, the 
temperature of combustion, formnia 76, will be 



or 



_l_jH^^(,T.^T,|, . (92) 



H:-H„, = c,{(l + G)Ti8-GT'i-T,8}. • (93) 

Without a regenerator it was fonnd to be 

Hl - Hni = c, {(1 + G) Tis - G Ti - T} , formula (75a). 

In both types, however, the same working limits must be assigned 
to Tis, because with or without a regenerator the cylinder cannot stånd 
a higher temperature; and if Tjg be taken the same in both cases, 
the result is that (Hj — Hm) with a regenerator, Z (Hi — Hm) without. 
This means, therefore, that with a regenerator much more heat, Hm, 
must be carried off externally. According to equation 91, this loss 
of heat has scarcely any influence upon the thermal efficiency of the 
engine; but it affects considerably the work done per kilo. coal, 

AL 

A L = >; (Hj — Hm), and therefore the actual efficiency, t] = ^=^- • 

Hm 

In the former example we had 

T = 293° Absolute. 
Ti = '403° „ 
T^s = 1652° „ 

From these values equation 89 gives T'i = 2326*^ Abs. = 2053° C. 

Therefore by compressing to 3 atmospheres only, the maximum 
allowable limit of temperature of 2000° C. has been exceeded. Heat 
must therefore be withdrawn even during compression, and it is cer- 
tainly impossible afterwards to allow heat to be added, or the cycle 
would absorb work, instead of producing it. This example shows how 
rapidly Hj — Hm decreases ; Hm, the heat to be carried off, becomes so 
great when a regenerator is used, that little remains of the heat value of 
the combustible to produce work. From these considerations the fol- 
lowing conclusions may be drawn : 

1. The regenerator has only a minimum influence upon the thermal 
efficiency of a motor. 

2. It necessitates so great an abstraction of heat from the walls 
of the cylinder, that the limit is soon reachod at which all the heat 
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generated hy the combustion of the coal must be carried ofiF, and no more 
work is produced. It is true tbat this conclusion contradiets the opinions 
now prevailing, hut after the foregoing eonsid orations it is diffieult to 
come to any otber. 

A better utilisation of the third cycle of combustion is only con- 
ceivable in the following way : — There should be (1) great compression 
of the air required for combustion, to increase the efficiency ; (2) great 
weight of air ; (3) combustion'produced in the cylinder by the injection 
of small quantities of coal or other combustible into the compressed 
air; (4) lastly, a minimum, or, if possible, no cooling'of the cylinder 
walls, both fumace and regenerator being abolished. If these conditiona 
he adhered to, the fundamental principle of air engines, namely^ the cloaed 
fumace, must he ahandoned, and a new engine upon a wholly different principle 
produced, These conditions are realised in the new motor which forms 
the subject of the present work. 

(d) Third Cycle. Second Example. 

Ueat carried off Hm = zero, or no Heat carried off in Jacket. 

We have already explained that the ideal process of combustion to 
produce work is that in which no heat is carried off externally, and 
therefore Hm = zero. If this value be put into our formulse, assuming 
the same condition as before, that the air for combustion is only com- 
pressed adiabatically, the result from equation 76 is 

T.= r^{| + OT, + T}, . . (94) 
and consequently from 86 

from (87) 



Ti 
^ + H,. . . . (96) 



Ti - T 



Here the second portion of this equation is inappreciable, as com- 
pared with unity, and may be neglected. With Hj = 7800 calories, 

TT 

— = 32,842, and T = 293°, the efficiency will be 

,y=^^"^-^ {1+0-009}, . . (97) 

or approximately 

T — T 
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Combining equation 77 with 84 and 94 gives 

W = (1 + G)c,(t,,^ - t) = (1 + G)c,^(Ti, - TO 

= (5^ + T-T,)e,^-. . . (98) 

showing that the beat carried ofif is independent of tbe qnantity of air. 
If G be increased, T^g as well as T^g will be diminisbed ; wben G is small 
botb are raised, but tbe beat contained in tbe exbanst gases will always 
be a constant. 

Now from equation 94 we see tbat G can no longer be an arbitrary 
qnantity. On tbe contrary, it bas a special and precise value, 
namely : 

^^ H-c,(T -T) ^ _ 

Tbis equation is tbe most important result obtained from tbis 
tbird cycle. For a definite maximum temperature T^g, it gives tbe 
exact weigbt of air to be used, tbat tbe beat carried off during com- 
bustion may be equal to zero, or, in otber words, tbe maximum of work 
L, equation 95, per kilo. of coal. Tbe beat efficiency is given by 
equation 96, and depends entirely upon tbe degree of compression of 
tbe air for combustion. Equation 99 gives tbe following values for tbe 
temperatures and quantitiesof air, witb T (atmospberic temperature) = 
293° Abs. = 20° C, and T^ = 1073° Abs. = 800° C, tbe air being always 
compressed to 800° C. 

i <ig (temp. C. after combustion) = 900° 1200° 1400° 1600° C. 

lTi8( „ abs. „ - „ ) 1173° 1473° 1673° 1873° 

G (weigbt of air, kilos, peri ^ ^ , 

kao.coal) .. .. ..} 319-6 79-0 62-4 39-1 

Tberefore, tbe bigber tbe maximum temperature allowed in tbe 
cylinder, tbe less air must be admitted for combustion, to obtain tbe 
maximum beat efficiency from one kilo. coal. Tbe size of tbe cylinder 
tbus depends upon tbe maximum temperature cbosen ; tbe actual tber- 
mal efficiency, on tbe contrary, depends only on tbe extent to wbicb tbe 
air for combustion is compressed. Tbis efficiency is similar to tbat of 
Camofs cycle, except tbat we must not take T^g as tbe bigbest tempera- 
ture, but Tj, or tbe temperature corresponding to tbe compression of tbe 
air. In constructing sucb an engine, tbe maximum temperature, tbe 
dimensions of tbe engine, and tbe degree of compression of tbe air, 
must all be well considered. 
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(c) Third Cycle. Third Example. 
Theoretical Gomplete Utilisation of the Heat 

Let combustion at constant pressure be so regulated that the tem- 
perature remains constant, as in Cycle I. ; T^g will then be eqnal to T^. 
From equation 75a we get 

Hx-Hni = c,(Ti-T). . . (100) 

If we assume that compression has been whoUy adiabatic, it follows 
from formula 85, 

L = |(T,-T). . . . (101) 

and hence 

r,= ^—=1. . . . (102) 

This seems to show that a given quantity of heat can be wholly 
changed into work, inbtead of the percentage fixed by Carnot as the 
maximum possible ef&ciency. But this entails the condition that the 
heat must be developed by a chemical process, and directly imparted 
to the molecules. Examining the question more closely, we see that it 
is not the heat Hi which is generated by chemical combination, but in 
reality Q, the heat of combustion. The deduction drawn is only appa- 
rent. If Q be taken as the available heat of the cycle, the results do 
not at all contradict the laws of thermodynamics. But we are so 
accustomed to consider Hi as the available heat, that from this point 
of view the formula rj = 1 appears correct. If in this cycle we make 
Hjii = zero, equation 100 gives 

t; = T + — , . . . (103) 

that is, if the temperature of compression Tj be chosen in accordance 
with this foimula 103, the total heat value Hj will he tranaformed into 
toork. 

Calculating according to this formula, the result is 

Ti = 33135° abs. = 32862° C. 

We have thus evidently reached an impossibility, and the necessity 
of limiting in practice the maximum temperature in the cylinder is 
opposed to theory, which requires it to be as high as possible. It follows 
that the heat value of coal or other combustible is much too high to be 
utilised in the combustible gases alone ; with Hj = 500 calories, equation 
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103 gives Ti = 2293° Abs., or about 2000° C. With a combustible con- 
taining this amount of heat, it would be possible to turn the total heat 
valuo into work ; but with aotual eombustibles, their great excess of 
heat must be transferred to some other agent. For this purpose 
an exce%9 of air for combustion is best, as shown by the foregoing 
calculations. 



§ 7. FOUETH CYCLE OF COMBUSTION. 

AT CONSTANT VOLUME. 

Here we will consider the cyele as earried out only with compressed 
air for combustion. 

(a) Dynamic Process. 

For the compression cylinder equations 41 to 51, pp. 12 and 13, are 
valid. The equation for the combustion cylinder will be as follows : 
Production of work during the admission of air, 

L'i=:G^iri, . . . . (104) 
in which 

^it7i = BTi, . . . . (105) 

the work of the combustible during admission being neglected, as the 
quantity of air exceeds it a hundredfold. 

During ignition and combustion no work takes place, because the 
charge is at constant volume, therefore the work of combustion is 

L'V=zero (106) 

On the other hand the pressure rises to j?i8» ^6 temperature to T^g ; 
this temperature may be calculated låter on by the thermal process, but 
for the present it is taken for granted, The pressure is then calculated 

as follows : — 

Pistol = B Tis. . . . (107) 

Adiabatic expansion to atmospheric pressure produces the following 
work: 

L'", = (1 + G) J (T,8 - T,8), ' . . (108) 
in which the temperatures stånd in the following relation : 



k<É'''<é' ■ ■ ■ (™> 



Fourtk Cycle of Combiistion. 
The work expended in driving out the charge is 

L^ =l?t?28(l + G), . 
in wliicli 

j?f?2s = BTgs. 

The total work producedin the combustion cylinder, 

Li = 0x1,1 ti + (1 + G) 5 (T,8 - T^) - (1 + 0)1» r,, 

or, in aocordanoe with formula 36, 

Lx = GBTi + ?-±^{c.Tis-c,T4. . 



■^i 



(110) 
(111) 

(112) 
(113) 



If the work of compression be deducted, the useful work (indicated) 
of the whole cycle in the two cylinders is 



G 



L = L, - L„ = - {c.(Tis - TO - c,(T^ - T)} 



i'2 



+ ^ |c. Ti3 - c, T,s} + G B T log. ^. 



(114) 



Here Tjs, Tgs, &c., might be eliminated, but as it would not make the 
equation simpler, they have béen retained. 




Fio. 7. 

By Buperposing the diagrams of the two cylinders we obtain Fig. 7, 
which will be understood from the former description, p. 18, 
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(6) Thermal Process, 

Starting from the same premisses as before, we may express the 
fundamental equation of this process of combustion as foUows : — 

Q = (1 + G) { J'o + c,Ti8} ^ G { Jo + c.Ti I - Jb 

+ Hxv + 0, . • . . . (115) 

Hiv being here the heat carried off by the jacket. The extemal work 
of combustion is equal to zero. Deducting equation 27, belonging to 
Cyole I., the result is 

H, -Hiv=c, {(l+G)T,8-GTi} -c^T . (116) 
From whence we get the temperature of combustion, 

or 



and hence 






A comparison with formula 76 shows that the results are analogous, 
and also that T^s is much higher in Cycle IV. than in Cycle III. (other 
conditions being equal). 

The heat carried off in the exhaust gases is 

W = (l + G)c,(T38-T). . . (119) 
The difference between the heat added and abstracted is 

(H, - H,,) - W - Qn = c, {(1 + G)T,8- GT,} - c,T 

- (l+G)c,(T2s-T)- AGBTlog.^ = G {c.(T,8-T0-c,(T28-T)} 
+ (c, Tis - c^Tas) - AGBT log.^^ 

This is the equivalent of the work done, according to equation 114, 
proving the accuracy of the heat balance. The thermal efl&ciency is 

AL 
Hl - Hiv 

. (120) 



1? = 



6cpT,8(l-^5-GcpT,(l-J)-AGBTlog.J«+(^T,8(l-^^^ 



cv{{l+ G) T,s - G T, } - CpT 
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Withont entering into a general discnssiou of these formulsd, we 
pass at once to consider a 



(c) Special Examplb of thb Fourth Cycle. 
TÄö Gm Engine. 

We must again assume that no isothermal, but only adiabatic 00m- 
pression takes place. We must then introduoe into all the formulse 
p^ = p, and the following equations wiU be the result : 

!• In the compression cylinder. — Here formuleB 42a to 61a at p. 21 
are valid, as wiU be seen by a reference to the original equations, from 
which they are deduced. 

2. In the comhustion cylinder. — The method of compressmg the air 
does not here influence the cycle, therefore equations 104 to 113 apply. 
Nor is the heat action affected by this method of compression, and 
equations 115 to 119 therefore remain in force. 

3. For the complete cycle. — Equation 114 is changed to 

L = I {c.(T,, - TO - c, (T^ - T)} + ;i {0. T,s - c,T^} ; (114«) 
we will take, as before, the value 

17 = = ^- . • . (120a) 

from equation 120. ' 

This applies to both gas and petroleum motors. In gas engines 
the work of compressing the gas must also be included ; this is, how- 
ever, afterwards refunded. This additional compression which, as we 
have already sbown, has only a small effect upon the formulae, we need 
not now consider, and it does not modify the following conclusions. We 
may assume that the charge in the cylinder is either gas or pulverised 
petroleum. 

In gas engines about 10 volumes of air are used to 1 volume of 
lighting gas ; the density of the air is about 1 * 2, of the gas, 0*6. In 
round numbers, therefore, the weight of air is about 20 times that of the 
gas, or G equal to 20 kilos. The theoretical quantity of air G would 
be equal to about 14 kilos. Fart of this weight of air consists, as we 
know, of the gases of combustion from the previous charge, but the 
same equations can be used as for pure air. 

The heat value of lighting gas may be taken at Hi = 10000 calories 
per kilo. Compression in gas engines does not in general exceed 3 
atmospheres. Hence we may reckon (see page 23) Tj = 403"^ Abs. 
(130° C), if T (atmospheric temperature) = 293° Abs. (20° C.) If the 
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maximuin temperature (not to be exoeeded) be taken as before at Tjs = 
2273° Abs. (2000° C), equation 118 gives : 

Hl - Hiv = 6610 oalories. 

Hjv = 3390 caloriefi, equal to about 34 per cent. of the heat 
value of the gas. 

This is the percentage which must be carried off during combustion, 
in order that the engine may work at practical temperatures. 

It is evident that, if the quantity of air G be increased, it leads to 
a very rapid diminution in the temperature of combustion T^s ; bnt it 
has been proved on the other hand that if G be increased, that is, the 
gas be greatly diluted with air, it can no longer be ignited. Tliere i» 
herCf we consider^ a fundamental error, which cannot he avoided without 
ahandoning one of the principles of the gas motor, namely, that the air and 
the eombustible are mixed, 

The foUowing valnes are then obtained : — 

From equation 105 »j = O •3805 cubio metres per kilo. air ; the volume 
of compressed air will therefore be 

Vi = G »1 = 7610 cubic metres per kilo. of lighting gas. 

From equation \01 p^^ = 174850 kilos, per square metre = 17*48 
atmospheres, or maximum pressure during combustion. 

From equation 109 T^ = 988° Abs. = 715° C. Temperature of the 
ezhaust gases. 

From equation 119 W = 3466 calories = 34*6 per cent. of Hj, or 
heat carried off in the exhaust. 

From equation 114 A L = 3149 calories = 31*5 per cent. of heat 
tumed into useful work. 

The heat balance is therefore as follows : — 

In the cooling jacket water .. .. .. 33 '9 per cent. 

Converted into work .. .. .. ..34*6 „ 

Carried off in the exhaust .. .. •• 31*5 „ 



Total .. 1 00 • O per cent. 



An experiment * on an Otto engine gave a heat balance of 
In the cooling jacket water .. .. .. 43*2 per cent. 

Converted into work .. .. .. •. 22*1 „ 

Carried off in the exhaust .. .. ..35*5 



Total .. 100*8 per cent. 
• Richard, • Deux Communications sur les Moteurs k Gaz,' p. 5, 1891. 
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Our theory, therefore, yields resnlts agreeing dosely with those 
obtained in actual practioe, the only difference being that in the latter 
the loss to the cooling water is greater, becanse heat is carried ofif 
during expansion, as well as combustion ; the increased waste is shown 
by the diminution of heat converted into work. It is not difficnlt to 
study this cycle with the help of the formuleB given, starting with the 
assumption that heat is carried off during expansion. 

The theoretical thermal efficiency of the heat actually given to the 
engine, deducting that carried off in the water jacket, is, according to 
equation 120, 

•q = = =:- = 47 • 6 per cent., 

Hj — HiY 

which is a fairly good result, 

A L 

But the actual efficiency is if = -=— = in round numbers 33 per cent. 

in theory, and from 20 to 22 per cent. in practice. 

As we have already seen, the loss by the jacket water, Hiv, is präcti- 
cally unavoidable as long as the principle of the gas engine is retained. 
If higher compression be used, T^ increases, and T^a, also, in proportion, 
the result being that more heat must be carried off in the cooling water. 
Practice, therefore, shows rightly that compression in gas engines 
should not be increased, although theoretically progress in this direction 
is possible. 

Hence it is easy to see that all improvements in the working 
methods, having.for their object to diminish the heat carried off, Kjy, 
simply result in increasing the heat of the exhaust gases ; T^s is then 
higher, and oonsequently T^s* The sum of the two losses remains a 
constant, and the useful work, L, per kilo. of fael is not affected. 
After what we hav^ said, it is scarcely necessary to prove again that 
regenerators in gas engines have only the effect of increasing Hiv, and 
diminishing the actual efficiency. Professor Witz, in his valuable work, 
' Traité Théorique et Pratique des Moteurs a Gaz,' also expresses this 
opinion, but other scientific men do not agree with him. M. G. Bichard, 
in his book already quoted, sums up the views now entertained as 
follows : — " As far as we can see, we must have recourse in theory to the 
regenerator, in order to realise the only notable improvement at present 
possible in the cycle of gas motors." Our opinion on this question is 
given at p. 26. 
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§ 8. FIFTH CYCLE OF COMBUSTION. 

Maximum Utilisation of Heat. 

Having oonsidered oombustion at constant pressure and at constant 
volume, we pass on to study it at constant temperature, or what may be 
called " iaothermdl comhustion,^* It is easy to imagine a small quantity of 
gaseoTis or liquid combustible, or dust coal, gradually introduced into a 
volume of compressed and bighly heated air, ond buming by spontaneous 
or by separate ignition. The piston is forced ont at the same time in 
snch a way that no increase of temperature takes plaoe, because the 
heat developed by each pa^-tiole of combustible is instantly absorbed 
by the cooling due to expansion. Therefore the whole of the heat 
developed will be transformed into work. 

(a) Dynamic Process. 

Here again the formulaB 41 to 51, pp. 12, 13, hold good for the com- 
pression cylinder, compression being again assumed to be both isothermal 
and adiabatic. Before the phenomena in the combustion cylinder are 
examin,ed, the actual process of combustion must be separately studied, 
and the corresponding curve of pressures determined. This curve was 
given in the former cycles. 




FiG. 8. 

In Fig. 8 the compressed air is forced into the oombustion cylinder 
from O to 1, and produces the work, 

L'i = GpiVi (121) 

Dust coal or other combustible is next injected, and bums as the 
piston moves out. If only G kilos, air were isothermally expanded, the 
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curve would foUow the dotted isothermal line 1 — 1'b, and for any 
given point a of this curve we should have 

Vi> = GBTi = con8tant. . . (122) 

In reality the weight of the expanding gases is gradually increased 
by combustion. If we call Qi the total quantity of heat to be added to 
the gases along this isothermal 1 to Ig, it will, according to thermo- 
dynamio laws, be expressed by the equation 

Qi=:GABTilog.:^. . . . (123) 

If the isothermal be interrupted at the given point a, where the 
pressure is p and the volume V, the heat added up to this point being 
equal to Q, we shall have 



From these two equations we obtain 



Q = GABTilog.^. . . . (124) 



r. log.^ 

^=-^. . . . (125) 

PlB 

Now when the heat quantity Qi is developed, exactly 1 kilo. of oom- 
bustible is bumt. Therefore if the amount of combustible burnt at each 
fraction of the stroke is in proportion to the quantity of heat evolved Q, 
and if x be the weight of combustible used at point a, we obtain the 
foUowing simple equation : — 

. = §. . . . •. (126) 

The actual volume V of the air, plus the newly formed gas, may be 
determined at point a, thus : 

i>V' = BT,(G + a^), . '. . (127) 
from whence 



Gombiuing the tnro equations 125 and 128, the result is 
i)V' = BT, 



f . j>. 



log.^ 
G + — ^-. • • (129) 
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which is the equation of the truiö combustion ourve, marked 1 — Ig in 
Fig. 8. From this equation and that of the normal isothermal curve, 
equation 122, we obtain the inerease of volume during combustion : — 

BT l«g-? 
(V - V) = 5i _-^. . . (130) 

log.^' 

For éxample, with ^ = p^^ that is to say, after combustion, the 
inerease of volume is 

In other words the inerease of volume at the end of combustion is 
exactly equal to the volume of 1 kilo. air at the temperature T^ and the 
pressure p^s» Acoording to *our reasonings this is self-evident. At the 
beginning of combustion, p = p^^ therefore, 

' V - V = zero, 

in other words, there is no inerease in volume. 

Clearly the diflference V — V is quite independent of the weight of 
air G. 

Let US now suppose that the quantity of air (1 + G) is isothermally 
compressed from the point Ig, Fig. 8. The curve Is — 1', which may be 
called the upper isothermal, is thus formed. Let the volume, at any 
point in this curve corresponding to the pressure p, be designated V", 
then; 

2)V" = BTi(l + G). . . , (131) 
and hence . 



Pi 




log. 



-El 
Pis/ 



(132) 



This equation shows that the point V of the curve of combustion 
between the two isothermals cannot be expressed by a simple formula 
(see Fig. 8). 

The form of equation 129 does not allow us to determine p^, nor to 
integrate the area bounded by the curve of combustion ; we must there- 
fore be content with approximations. If we bear in mind that 
O to 1 represerits G kilos, of air, and Ito 1' only 1 kilo., G being thus 
^ 100, we see at once how very small the area enclosed by both the 
true isothermals must be in proportion to the total area of the diagram 
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(less than 1 per cent.). Hence it is elear that both isothertnals are prao- 
tically identical, and nearly agree with the real cnrve of oombnstion. 
A close approximation may be obtained by oalculating for each of the 
triangles, 1 Ig l'g and 1 1' Ig, balf tbe area enclosed by the two true 
isothermals. The small extent of this area wiU be shown låter. 
Meanwhile we will examine the phenomena taking place, as if they 
were based on the upper isothermål 1' Ig, that is, as if (1 + G) kilos, gas 
were actually expanded isothermally. 

According to this assumption, the total work of admission must be 
determined, not according to equation 121, but as foUows : — 

L'i=:(l + G)i)iri. . . . (133) 

If now, as before, we designate the beginning of oombustion as 1, 
and the exhaust as Ig, the work produced during isothermål ex- 
pansion is 

L"i- = (1 + G) B Ti log. -?L , . , (134) 

1^18 

This is at the same time the work obtained by actual oombnstion, 
wbich is here completed. The heat to be added during this period, and 
therefore gradually generated by combustion, is 

Qi = AL", = A (1 + G) B Ti log.^l- . . (134a) 

If continued to atmospherio temperature, adiabatic expansion pro- 
duces the work, 

L'"x = (l+G)A(Ti-T). . . (135) 

If the gas is to fall simultaneously to atmospherio pressure and 

temperature, in which state it cannot yield any more work, we shall 

have 

K—x 

. . . . (136) 
VPifl/ 



T, \pj 



The work expended in driving ont the products is 



■ IV 



Li =(1 + Q)pv. . . . (137) 

The total useful work produced in the oombustion cylinder is there- 
fore, according to equation 55, 

Li = (1 + G)p, v,+{l+ G) (log. ^) B Ti 

\ Pia/ 
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or, in accordance with equation 36, 

Li = (1 + G) W- (Ti - T) + B Ti log. ^j . (138) 

The indicated usefal work in lx)th cylinders, after deducting the work 
of compression, is,,according to eqnation 56, 

L= ^(Ti-T) + (l + G)BTilog.:^^ -GBTlog.^. (139) 

Combining the two eqnations 48 and 136, which are valid for the 
adiabatics, the result is 

JPis ^ ^1 

or ),.... (140) 

from whence 



L = I (T, - T) + (log. ilj b{(1 + G)T, - Gt}, 
id by introdncing the value p^s from formula 186 
L = -^ (T, - T) + B { T. + G (T, - T) }log. jAj^^ y— j ^^^^^ 



(h) Thermal Process. 

Following the method indicated, we can construct the fandamental 
eqnation of combustion as follows, assuming that the heat Hy is carried 
off by the jacket during combustion : — 

Q = Hv + (l + G) {J'o + c,T,} -G{Jo + c.T,} 
- JB + A(l + G)BTilog.^ +Ap^v,. 

PlB 

The last portion, A p^ v^, represents the work done by the admission 
of 1 kilo. fuel, it being assumed that the cycle will be carried out 
according to the upper isothermal, 1' — Ig, of Fig. 8 (see page 36). 
For gaseous combustible the above equation is correct, but .for solids 
and liquids it contains a slight error, and may be written as follows : — 

Q = Hy + (1 + G) J'o - G Jo + c.Ti - Jb 

4- (1 + G) A B Ti log. ^ -^Ap.v,. . (142) 
Pis 
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Here also the work done during admission of the oombustible has 
not been taken into account. 

If we deduct from it equation 27 of Cycle I. the resiilt is 

H, - Hv = c, (T, - T) + (1 + G) AB T, log. f^. (U3) 

We must impress upon the reader that tbis equation embodies the 
most important conolusion of the present work. From it Hy may be 
determined if G be given, or the process may be reversed. The ideal to 
be realised is that the heat carried off, Hy = zero, then, 

G = Hi-gi>(Ti- _T)^ ^ ^ (144) 

ABTilog. ^ 

If this given weight of air G per kilo, of combustible he carefuUy choaen^ 
not only will the whole of the heat imparted he utiliaed, hut it will he imparted 
to the gases at a constant maximum temperaturen and therefore, axxording to 
the law8 of thermodynamica, the maximum posaible utilisation in the ahape of 
work wUl he ohtained. If G be taken af less than is indicated by this 
formula, a certain amount of heat Hy must be carried off ; if it be 
greater, the condition of constant temperature will not be maintained. 

If the heat introduced, Hi— Hy, according to formula 143 be compared 
with the useful work done, equation 141, it will be seen that the two 
are not equivalent. The heat added is greater than the work done by 

the value GET log. — , that is, the difference is equivalent to the 

1^18 

work of isothermal compression of the air for combustiön, and there- 
fore to the quantity of heat carried off during the cycle. The differ- 
ence between the heat added and abstracted is 

(H, -Hy)-Qn = c,(T, -T) 

+ AB {T, + G (T, - T)} log. j^ Qrhj, 

or in other words it is the equivalent of the work done according to 
equation (141), showing the accuracy of the balance of heat. 
The thermal efl&oiency is 

- ^^ 

Hl — Hy 

K 

c, (T. - T) + AB {T. + G(T, - T)} log. \^(Ly-'\ 
= ■ . ' ^ ^ y -. (145) 

c,(T. - T) + A B (1 + G) T. log. {^ (^)'^^) 
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The yalne c, (T^ — T) is very small compared with the other parts 
of this equation, as nnmerical examples will show. It can the more 
easily be neglected, because it appears in both denominator and nume- 
rator, and thus we get the much simpler formula 

1 = 1 7? T- • • • (1«) 

Even for this we might withont much inacouracy substitnte the 

T 

efl&ciency formula of Camofs cycle, 1 — — • The efficiency of our cycle 

of combustion is thus slightly greater than that of Camot, and the smaller 
G is, the greater this difference will be, as G diminishes with Hj, accord- 
ing to formula 144. To utilise the heat to its fiill extent, therefore, a 
coal having a low heat value, Hj, will give better results than one with 
a higher calorific value. A similar conclusion was arrived at in the third 
example of Cycle III., p. 29, as might naturally be inferred from the 
course of the argument. The increase in work, as compared with the 
pure Camot cycle, is caused by the circumstance that (1 + G) kilos, of 
combustible and air expand doing work, while only G kilos, air have to 
be compressed. 

(c) SUMMARY OP THE FlFTH CyCLE. 

We will here oompare this cycle with the formul» given by Zeuner ♦ 
for the perfect Camot cycle, to which we have applied our notations. 

Cyde with itoQiermal eomhustionf a/eeording to the 
ahove (heorie$. 

Qi = ci>(T, - T) + (1 + G) ABT, log. ^ , 

Pi 

Qii = GABTlog.^. 
L = GB (^+ T, - t) log.^ + <^(T, - T), 
^^ =1- "^ 



Ordinary Camot eycle, without 
eombuition, aecording to Zeuner^ 

Qi = GABT,log.^», 

PlS 

Qn = GABTlog.=?i, 

J>I8 

L = GB(T, -T)log.^, 

PlB 

AL - T 



Hl — Hv 



-.(é+') 



The analogy of the two cycles is striking. 

If we assume at the outset that, aecording to formula 144, G ^ 100, 

T • 

we can neglect the value -^ and also Cp(Ti - T); our formulse of com- 
bustion then become almost identical with those of a perfect Carnot 
* * Thermodynamik,' vol. i. pp. 264 et seq. 
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cyole. In reality the difference in the resultB of the two sets of formnlea 
is quite insiguificant, and is always in favour of the cycle with com- 
bustion. 

Taking T = 293^ Abs. (20^ O.) and different values of Ti, the fol- 
lowing efl&oiencies for the Camot cycle 17 are obtained : — 



<i = 400° QOf 


800^ 1000° 1200° 1400° 1500° C. 


Ti =r 673° 873° 


1073° 1273° 1473° 1673° 1773° abs. 


17 = 0-565 0-664 


0-727 0-770 0-801 0-825 0-835 



If we make i^ equal to from 800° to 1200° C, theoretical thermal 
eflficiencies of 72 to 80 per cent. will be the result ; it seems hardly 
advisable to go higher than 1200°, becanse beyond it the gain in efficiency 
is small, oompared with the high inorease in temperature. 

To obtain a positive value for Q, = H, — Hy, — mnst be > 1, as 

appears from eqnation 134a, or by introducing jpis from equation 136, 

from whence 

^>(i'r' • • • (»') 

must follow. The result is that with Ti high, jpi, the maximum pressure 
of the cycle, will also be very high, if Qi is to be of any considerable 
value. Zeuner bas already drawn attention to this subject in his study 
of air engines, and has come to the conclusion that it is impossible to 
construct these motors to give a high efficiency. This opinion is amply 
justified by air engines, as at present constructed, a dosed volume of 
air being heated by an extemal flame through the cylinder walls. 

But let the air in a cylinder be compressed to 200-300 atmospheres 
by means of a quick moving piston, and from the moment of maximum 
compression let a very small quantity of dust coal be gradually intro- 
duced into the compressed air, as the piston moves. Such an engine 
can be constructed, as we will now proceed to show. The theory here 
laid down indicates, Iherefore, the only direction in which efforts should he 
madej in order to ohtain the maximum jpqasihle utilisation of a combuattble 
which can at present he realiaed. 

With the help of thia theory, we ought to concentrate our endeavoura to 
produce a rational heat motor, and a theoretical ideal engine ought soon to 
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replace the present very incomplete heat motors. To design an engine of 
this kind ie not very difficult ; the main points to be considered are the 

(i) Fundamental Condittons for Perfbct Combustion, 

as dedaced from the theory of Cyole V., namely : 

1. Prodnction of the highest temperatnre of the cyole (temperatnre 
of combustion), not by and during combustion, but before and inde- 
pendently of it, entirely by compression of ordinary air. 

2. Gradnal introdnotion of finely divided combnstible into the mäss 
of highly compressed, and therefore highly heated air, during part of 
the retum stroke of the piston. The combustible is added in such a 
way, that no inorease in temperatnre of the gases, consequent upon 
the process of combustion, takes place, and therefore the compression 
curve approximates closely to an isothermal. After ighition, combustion 
should not be left to itself, but be regulated by an extemal arrange- 
ment, maintaining the right proportion between the pressures, volumes, 
and temperatures. 

3. Correct choice of the proper weight of air G, in proportion to 
the heat value H, of the combustible, acoording to formula 144, the 
limit of the compression temiperature, Tj (which is here equal to that 
of combustion) being previously so determined, that it is possible to work 
and lubricate the engine, without artificially cooling the cylinder walls. 

If these three conditions are fulfilled, the other operations of tho 
cycle will foUow in natural sequence. As is well known, dust coal 
ignites, or rather explodes, instantaneously. It is therefore not difficult 
to carry out a process of combustion in the way indicated, because coal 
dust, as soon as it enters the air, already heated much above the 
temperatnre of ignition, ignites, and communicates its heat of combus- 
tion to the surrounding charge. Nor does combustion in the cylinder 
present much difficulty, since we are accustomed to it in gas motors. 
In the engine suggested it is even simpler, because the maximum tem- 
peratnre T^ is never ezceeded; this temperatnre can be produced at 
will, and may be much more easily maintained within moderate limits, 
than in the present intemal combustion engines. In the motor we 
propose to construct, based upon these principles, explosive substances 
may also be used as combustibles, and the theory of such an engine 
will be very similar to that already given. 

From the above we may conclude, a priori, that the fifth cycle gives 
the maximum utilisation of the heat of any combustible in the shape of 
usefal work, l)ecause it in reality embodies the perfect Camot cycle. It 
foUows also that the other cycles at constant pressure and constant 
volume give lower heat efficiencies within the same limits of tempera- 
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ture. Leaving for the present the practical utilisation of these cycles, 
we will proceed to describe an engine realising as cloeely as possible 
the most perfect cycle of combnstion — the Fifth. 



CHAPTER II. 

CONSTRUCTION OF THE IDEAL MOTOR. 

§ 9. CALCULATION OF AN ACTUAL ENGINE OF 
100 INDICATED HORSE-POWEE. 

Method of Galculation, 

As the lowest limit of temperature we will take t = 20° C, T = 293° 
Abs., or average suiamer temperature, and for the lowest limit of pres- 
sure 10333 kilos, per square metre (atmospheric pressure), beoause this, 
as we shall see, leads to the simplest engine. We have next to fix 
the maximum temperature Tj admissible in the cylinder. The maximum 
pressure j^^ may be chosen at pleasure, so long as it satisfies the condi- 
tion laid down in formula 147, namely, 

From these values we can determine the final pressure ^'is of isothermal 

combustion from equation 136. 

«- 1 
T 






and we get from equatipn 140 the final pressure p^ to which the iso- 
thermal compression of the air for combustion must be carried — 

The heat value H^ being known, the weight of air G to be admitted to 
the cylinder per kilo. combustible can be determined from equation 
144— 

^ ^ H,-c,(T,-T) __ ^ 

ABT,log.|i 
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To design such a motor correctly requires, therefore, a hnowledge of the heat 
value Hl of the combustible used. 

We can now calculate the four volumes of air at the points of the 
diagram 1, Ig, 2, 2g, 



T 

P2 



V, = (l+G)^ V,g = (l+G)B^ 
Pi Pia 

the volume of air to be drawn in equals 

P 

With the help of these pressures and volumes, the indicator diagram 
Fig. 9 can be plotted. Theoretically, this diagram is not closed 
between the points a and 2g, because of the inorease of volume due to 
combustion. 




FiQ. 9. 

The heat to be added isothermally is then calculated from equation 
143, 

Q, = c^(Ti-T) + (l+G)ABT,log.^. 

Pis 

Next the heat to be c^rried off along the lower isothermal curve, from 
equation 46, 

Q„ = GABTlog.^^/^where^ = ^) . 
P\ P Pia^ 

The work produced per kilo. of combustible is calculated, from equation 
141,- 

L = |(T. - T) + B {T, + G(ti - T)} log.j^ (J;)'"'}- 
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And lastly, the thermal efficiency from equation 146 — 

T» 



'■a+o 



G£1«(ERAL DiSCUSSION OF THESE FORMUL^. 

In order to obtain higher values for the efficiency 17, than in exist- 
ing motors, T^ mnsi, according to the last equation, be much higher than 
is usual in steam engines, and should range from 800° to 1000° O. This 
temperatnre must never be so high as in gas engines (about 2000°), 
because we wish to avoid all abstraction of heat, or oooling of the 
cylinder walls, in strict conformity with the condition that Hys zero. 
Ti must therefore be so chosen, that the mean temperature in the 
cylinder, including the period of expansion, remains within practioal 
limits. In the following example we have taken t^ = 800° O. or 
Ti = 1073° Abs., although a proof is given låter that it is possible to 
exoeed this temperature oonsiderably, without overstepping the limits 
prescribed at p. 43. 

In fixing the limits of T^ we are restrioted, not by the temperature, 
but by the maximum pressure j)i, which, according to formula 147, is 
dependent on, and increases rapidly with T^. It is true that the metals 
generally used can sustain pressures of several hundred atmospheres ; 
cannons, for example, are found practically gas-tight at pressures of 
3000-4000 atmospheres. Besides, in the ideal engine, there is no 
question of permanent high pressures on the piston, as they are con- 
stantly varying äuring exceedingly small fraotions of time. Considering 
also the high pressures used in hydraulic work, it seems no exaggera- 
tion to fix the highest limit of pressure 'p^ = 200 to 300 atmospheres. 

For the lower limit of temperature, about 20° O. yields the best 
results. But it must not be forgotten that if this lower temperature be 
increased to 30° or 40° C, the quantity of water injected into the cylinder 
can be greatly reduced. The volume of air drawn in, or the volume of 

BT 

the cylinder, V = G — , is inversely proportioned to the lower limit 

of pressure p, Much smaller engines could therefore be constructed, 
if the lower pressure p were chosen higher, but within the same limits 
of temperature the higher pressure p^ is increased in the same ratio, 
according to equation 147. Since the highest or practical limit of pres- 
sure has already been determined, we will leave the question of dimin- 
ishing the size of the engine by raising the pressure p, the more so 
because the motor, in order to draw in a fresh quantity of air for com- 
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bustion at each stroke must, in any case, be worked with an open circnit, 
that is, must discharge the gas products into the atmosphere. It would 
be better, on the other hand, to oonsider if p cannot be reduced, in order 
thereby to diminish f^^ but this wonld necessitate a larger and more 
oomplicated engine, and worked with a closed circuit. For the present, 
therefore, we will keep the atmosphere as our lowest limit of pressnre. 

The foUowing remarks are also of special importance. According to 
equation 141, the work L of 1 kilo. of combustible is almost in propor- 
tion to ratio B. This suggests the idea of using only the exact theo- 
retical quantity of air for combustion, and obtaining the weight G, 
reqnired to take up the superfluous heat of the combustible, by adding to 
the air another gas, say superheated steam, having a higher ratio, B. 
But according to equation 144, G is almost in inverse proportion to B, and 
hence L remains a constant. Nothing would therefore be gained from a 
practical point of view, as the volumes of the cylinder corresponding to 
the four points of the diagram are proportioned to the product G B, or 
in other words, are constant, whatever gas may be chosen. Ii «, we 
consider, unnecessary to make experimenta toith 8team, or air and steam, 
as 18 now 80 often done, hecauae the simplest engine toill always he that toorhing 
toith pure air only. 

But on the other hand it appears from the above considerations that 
other gases, when mixed with air, as steam, or the prod,ucts of combustion 
from the previous stroke, have no influence whatever, either upon the 
thermal efficiency, or the size of the engine. We need not, therefore, 
consider the dryness fraction of the air in oar engine, or it may be worked 
with a closed circuit, thus retaining part of the bumt products, and 
only admitting at each stroke the fresh air necessary for combustion. 
This type of motor, with a closed circuit, becomes of special importance, 
when a pressure dififering from the atmospheric is chosen as the lowest 
limit. 

NumericaL Exampk, 

We will now introduce the above values into our formulad : — 

Hl = 7800 calories. 

p = 10333 kilos, per sq. met. (atmospheric pressure). 
t = 20° C, or 
T = 293° Absolute, 

Pi - 250 Atmospheres (2,500,000 kilos, per sq. met.). 
<i = 800° C. or Ti = 1073° Abs. 
These values give 

^ = about 242; (^)'""' = 86-83, 
and agree with equation 147. 
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Next we have G = 99 '324 kilos, air per kilo. coal. Thermal 
efficiency tj =0*730 (the perfeot Camot formula gives O •727). Zeiiner* 
makes the actual thermal effioienoy, under the most favourable conditions 
of the best compound steam-jacketed engines and boiler, );q s= O * 072. In 
the motor here considered we obtain theoretlcally an efficieney of 
73 per cent., or ten times greater than with steam. In practioe we 
cannot reach this high thermal efficiency in the proposed motor; but 
leaving a wide margin for imperfections in construction, we may hope 
to obtain remUs from fioe to 8ix times hettet than in the hest steam engines^ 
and a stiU higher efficiency in the future. 

The error involved, if the combustion curve be taken as a pure iso- 
thermal, is (see p. 38) 

- Ti log. =^ = 38 calories, 

that is the 200th part or 0*6 per cent. of the heat valae of the com- 
bnstible, proving, as we have already said, that we need not be too exact 
in defining this curve. 

The other values are as follows : 

"^IS:;,' ^*^r"^'} = 8983601dlo8.,orabo.t89-8atmo8phere8 

Final pressure of isothermal] 00700 • ö.qq 

compression,i)2 .. ..|-^«79J „ „ 2 88 „ 

But in designing a new engine we cannot start with unity of weight, 
or one kilo. of combustible as a basis. The horse-power must be first 
chosen, next the quantity of air, and finally the quantity of combustible 
necessary. 

Taking one kilo. of air as a hasis, we obtain the following volumes 
for the four points of the diagram (Fig. 9) : 

» = 0'82992 cubic metres v^ = 0*01256 cubic metres 

»3 = 0-29813 „ »18 = 0-03500 „ 

Fig. 1, Flate I. shows the indicator diagram of the ideal engine, 
drawn to scale and calculated from these values for 1 kilo. air ; the 
four points are marked as before, V, Vg, Vi, Vig. The quantity of heat 
to be added per kilo. of air is 

(Qi)ikiio. = 75-9 calories; 

the indicated work per kilo. of air 

(A L)i kilo, = V (Qi) 1 kuo.» 

♦ * Thermodynamik,' Vol. I, p. 386. 
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or, expressed in horse-power of 75 kilogrammetres per seoond = 550 
English ffc.-lbs.), 

(N,)i kilo. = ^^^^ = 311-92 horse-power, . (148) 
and the volume of air admitted into the cylinder per horse-power is 

= O '0026607 oubicmetres. . (149) 



For an engine of N< = 100 indicated horse-power, the volume of air 
drawn in per seoond will be 

U = j^ — Ni = 0-26607 cubic metres. . (150) 

If the engine is single acting, making « revolutions per minute, and D 
be the diameter of the cylinder, % the stroke, and V the cylinder volume, 
we shall have 

■ * = —T— -^ = U cubic metres air per second. (151) 
oO 4 oO 

If n = 300 revolutions, then 

V = 0-05321 cubic metro = 53-21 litres air per second. (152) 

This is the most interesting deduction from our calculations, because it 
gives an idea of the practical size of the proposed motor. 

The steam engines constructed by the Maschinen-Fabrik, Augsburg, 
of 120 H.P., have a cylinder diameter of 50 centimetres, stroke 110 centi- 
metres, with a cylinder volume of 216 litres; and Sulzer eugines of 
110 H.P. have 50 centimetres cylinder diameter, 105 centimetres stroke, 
and 206 litres volume. If these dimensions be compared with those of 
the proposed motor, it will be seen that steam engines have, in round 
numbers, a cylinder volume of 2 litres per horse-power. Setting aside the 
question of mechanical efficiency, ihe cylinder volume of the ideal engine 
is ahout one^quarter that of single cylinder steam engines of the same horse- 
power. In compound engines, the high pressure cylinder stiU further 
increases the dimensions. It is true that the speed of 300 revolutions 
assigned to our engine is about four times faster than that of the steam 
engines with which it is compared. But, as we shall show, a high speed 
is advantageous in principle for the new motor, but when applied to 
steam engines it has sometimes an injurious effect. 

Thus our rationally constructed air engine will be of much smaller 
dimensions than steam engines. By making the cylinders double-acting. 
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the proportionate yolnme can be reduced to |th, and we C€Ui diminisli 
it still farther, by raising the lower limit of pressures. The author 
dooB not consider it impossible to work with pressares of 200 to 300 
atmospheres (3000 Ibs. to 4500 Ibs. per sq. in.) in double-acting motors. 

If the stroke b be taken at double the cylinder diameter (a = 2 D) 
we shall have for an engine of 100 I.H.P. 

D = ^ / , or D = 323 • 6 millimetres ] 

V ^ ' . (153) 

«= 647-2 „ ) 

The pisten speed will be 

2fi 
9- — ^ 6'47 metres per seoond = 1260 feet per minute, 

which is not unusual, and will probably have a favonrable effect npon 
the cycle. The actnal cylinder volnmes at the fonr points of the diagram 
are 

V = 0*05321 cubio metres (as before). 

Va = V — = 0-01909 cubic metres. 

v 

Vi = V^ = 0-0008055 
v 

Vi8 = V^ = 0-002244 

v 

The weight of air drawn in per stroke is 

— Z — <y^"^^^r volnmes . . 

*^ "" v "" volume of 1 kilo. air * ' \ ) 



and per hour, 



^being here = 0*06412 kilos., 
G» = » . 60 X flr = 1154-16 kilos. 



QtTANUTY OF Wi-TER InJECTED. 

The heat to be carried off per kilo. of air, according to equation 46, is 

(Qii)i kila. = 20 • 726 calories, 

and therefore heat carried ofif per stroke, 20 • 726 ^ = 1 • 329 calories. 

s 2 
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Taking the water at a temperature of 10° C, and, accorSing to our 
previous calculations, heating to 20° C, we shall require 

0*1329 Ii tres of water per stroke. . 

or O* 1329 n 60 = 2392 „ „ per hour for 100 H.P. 
= 23-92 iitres per I.H.P. per hour, 

or ahout 10 times less than the amount of condensing water required in steam 
engines. If we raise the lowest temperature of the oycle, the quantity 
of water can he still further reduced. 



CONSUMPTION OF COAL PER I.H.P. 

The heat grdded per kilo. of air is 

(Qi)ikiio. = 75*901 calories, 
or per stroke 75 '901 g = 4*867 calories, giving 
Hf 7800 



4*867 4-867 



= 1602 strokes per kilo. of coal. 



The coal consumption per stroke is therefore — — = 0*000624 kilo. 

= 11*232 kilos, of coal per hour, or O '11232 kilos, coal per indicated 
horse-powerper hour. Of course the actual consumption will be greater 
than this theoretical quantity. 

The cycle here described might b^ very well carried out in a single- 
oylinder engine, in the following way (4-cycle, 2 revolutions) : — 

1. Forward stroke of the piston. Drawing in atmospherio air to 
volume V. (See diagram, Plate I. Fig. 1.) 

2. Eetum stroke of the piston to volume Vg, first with water injection 
(isothermal compression), then continued to volume Vj, without water 
(adiabatio compression). 

3. Second forward stroke. Combustion of a small quantity of coal or 
oil graduaUy injected, the piston being driven out to Vis> succeeded by 
adiabatic expansion without combustion (motor stroke). 

4. Second retum stroke. Discharge of the bumt gases. 

Thus there would be only one motor stroke in four, and at every 
second revolution, as in most gas engines ; the volume of the cylinder 
would of necessity be twice as large as calculated above, in which there 
is supposed to be a motor stroke at each revolution. Hence, in order not 
to increase the dimensions of the engine, it would be better not to carry 
out the cycle in a single cylinder. 
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To tliis we must add that the presenoe of water in the motor cylinder 
dnring combustion, although required for isothermal compression 
during the first retum stroke, affects the whole cycle injuriously. To 
obtain the highest efficiency, the quantities of heat are extremely small, 
and therefore small quantities of water produce great changes. Lastly, 
there is an ad vantage, from a constructive point of view, in oarrying out 
the part of the cycle during which the highest pressures are produced, 
in very small and separate cylinders. Plunger pistons with oil pressure 
glands can then be used, as we shallnow describe. 

[Note by the Translator. — Before studying the details of Herr 
Diesers motor, it may be useful to give a general outline of its design 
and principle. See Plate II. 

It is a vertical inverted engine of the 4-cycle type, with three 
cylinders, two smaller of equal diameter, single-acting, with plunger 
pistons, and one larger expansion cylinder, double-acting, in the centre. 
The cylinders ha ve no water jackets. The coal or oil is introduced at 
the top of the two smaller cylinders, 2 and 3, which serve also in 
the previous up stroke to compress the air, and the down strokes of the 
three pistons form the motor strokes. There are eight valves, seven of 
the lift type, and the coal valve. The engine runs at about 300 revolu- 
tions per minute, and is provided with a heavy fly-wheel. It has three 
eranks and one horizontal crank shaft. The cranks of pistons 2 and 3 
are in the same plane, that of piston 1 is set at 180° from the others. 
All the valves are driven from one horizontal valve shaft. The 
maximum temperature attained is about 800° C. 

The principle upon which the engine is based is that the number of 
heat units contained in coal or other combustible are far too great to be 
utilised in an engine cylinder, without a large excess of air (100 parts 
by weight to 1 of fuel) to absorb the heat, instead of allowing it to be 
wasted at exhaust, or by a water jacket. 

The following gives the cycle of operations in the three vertical 
cylinders of the Diesel motor, ^t the top or bottom of the three pistons. 
Pistons 2 and 3 are of the same diameter, and work up and down together. 
Piston No. 1 is larger. Crank of piston No. 1 is set at 180° to cranks of 
Nos. 2 and 3. The arrows indicate the up or down stroke of pistons.] 
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§ la CONSTEUCTION OF THE MOTOR. 

Tovoomply with the conditions of perfect combustion, a 100 LH.P. 
engine has been designed, and is represented at Plate II., Figs; 3 to 12. 
It has three cylinders. The first (1) of the larger diameter, is the ex- 
pansion cylinder. The second and third (2 and 3) are of eqnal diameters, 
and both are nsed, first for oompression and then for comhusiiim. This is 
their most important ftinction, taking plaoe altemately in either cylinder. 
In this way a motor stroke is obtained in the larger cylinder, 1, at each 
revolution. The cranks of 2 and 3 are set in the same plane, and form 
an angle of 180° with that of cylinder 1. The volume of cylinder 1 is V, 
that of cylinders 2 and 3 is Vg. The cycle in each cylinder can be 
followed with the help of Fig. 1, Plate I., which may be taken as the 
Indicator Diagram for this engine. It gives the quantity of air per 
stroke, if the scale of the volumes be altered to correspond, the diagrams 
being calculated for one kilo. of air. 

WORKING METHOD OF THE IdEAL EnGINE. 

1. The larger jdston^ 1, rises, driving out above it the air used for 
combustion in the preceding stroke, and drawing in at the same time 
atmospheric air from below. Cylinder 1, working double acting, forms, 
therefore, a motor cylinder above and an air pump below. Piston 2, in 
its highest position, gives the volume Vi of air, at a pressure of 
250 atmospheres, equal to. a temperature of 800° C. While piston 1 
ascends, piston 2 descends, and during this time dust coal, petroleum or 
gas are injected gradually by a separate mechanism into the compressed 
air in the space above this piston in cylinder 2. The combustion takes 
place, piston 2 receding at the same time, till the latter has reached the 
volume Vis (see diagram). Combustion in cylinder 2 is isothermal, and 
this effect must be produced by the injecting mechanism, which acts so 
that the quantity of coal introduced at a time corresponds to the volume 
prescribed at that portion of the stroke, to produce isothermal com- 
bustion. When piston 2 has reached volume V^g the who1e calculated 
quantity of combustible per stroke is injected and bumt. The admission 
of the combustible is then stopped, and the gases continue to expand 
adiabatically to volume Vg, corresponding to the lower position of 
piston 2 (V2 being the total volume of cylinder 2). The pressure and 
temperature of the air are then 

p' = 43826 kilos, per square metre = 4*38 atmospheres. 
H = 223° C. 

During this time the other small piston, 3, coupled to piston 2, also 
descends, drawing in from an air reservoir in the engine frame a volume 
of air V3 at a pressure p^ (2-88 atmospheres) and temperature T (20° C), 
V2 being the volume of cylinder 3, as well as of cylinder 2. The air 
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has previously been compressed into this reservoir from the lower part of 
cylinder 1 by the down stroke of piston 1, with simultaneoiis injection 
of water, to obtain isothermal compression. The final pressnre attained, 
P2 = 2 • 88 atmospheres, is regnlated by the distributing valves. 

2. Piaton 1 descends, — The valves now open communication between 
cylinders 2 and 1 ; the air, previously adiabatioally expanded in cylinder 2 
to volume Vg, continues to expand in cylinder 1, while piston 2 rises. 
At the end of the stroke, the air has retumed to its original condition, 
V p T, because the whole of it, except the small volume Vj, is now in 
cylinder 1, the volume of which is V. During this time piston 3 also 
rises, and the air, which had before been isothermally compressed, is 
now compressed by it adiabatioally from volume Vg, the maximum, to Vj, 
the minimum volume in cylinder 3. 

During the following asoent of piston 1, the series of operations in 
cylinders 2 and 3 is reversed. Combustion and expansion take place in 
the top of cylinder 3, while compressed air is drawn into cylinder 2 
from the reservoir. As soon as piston 1 has completed the up-stroke, it 
begins work again by drawing the air for combustion from cylinder 3. 

Having now explained the working of the engine, we will examine 
it from a practical point of view. 

Cylinder 1. See Plate II. 
Diam. 32*4 cm. and stroke 65 cm.* 

The air is admitted at the top of the piston, at a pressure of 4*4 
atmospheres and 223° C. temperature, expanded to atmospheric pressure 
and 20° C. temperature, and then exhausted. These are normal con- 
ditions, easily reaHsed with the ordinary construction of piston, valves, 
&c. When communication between the top of cylinder 1 and of 
cylinders 2 and 3 is established, there is a slight loss of pressure due to 
the clearance. This clearance volume, therefore, should be diminished as 
much as possible, and the reduction is facilitated by the vertical position 
of the cylinder. In the lower part of cylinder 1 atmospheric air is 
drawn in and compressed to 2 • 88 atmospheres, while water is injected. 
In this there is nothing new. If the cooliug water has an injurious 
effect upon the cycle, by increasing the action of the cylinder walls, 
and their exchange of heat, it would be easy to carry out isothermal 
compression in a separate cylinder, but this complication should be 
avoided if possible. A perfectly tight piston " wipes " oflf the water 
from the walls so completely, especially if the engine be well lubricated, 
that no moisture penetrates into the upper part. Upon the lower surface 
of the piston and cover, to which the water adheres, it has no injurious 
effect, and runs oflf by gravity. 

♦ cm. = ccutimetres. 
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Cylinders 2 and 3. 
Diam. 19*4 cm., stroke 65 cm. 

In these two smaller cylinders, where the aotion takes place alter- 
nately, the clearance volumes do not affect the cyole injuriously, volume 
Vi of maximum compression inclnding all spaces in the valves, &c. 
Assuming the stroke of these smaller cylinders 2 and 3 to be the same 
as that of cylinder 1, their diameter å will be = 194 mm, AUowing for 
a limit of 15 kilos, per sq. mm., for steel, the thickness of the walls is 
18 mm. These dimensions are quite practicable. 

Combustion takes place from volume Vi = 0*8 litre (see p. 51), 
corresponding to 27 mm. between the cover and piston 2, excluding 
the clearance spaces of the valves, to volume Vjs = 2*24 litres, corre- 
sponding to 76*8 mm. of the stroke. Fromthenoe to the final volume 
V2 = 19'1 litres the charge expands, and the temperature falls from 800° 
to 223° C. During the whole of the next up-stroke in these cylinders 
the temperature falls from 223° to 20°. The piston again descends, at a 
oonstant atmospheric temperature of 20° C, and finally adiabatio com- 
pression of the air takes place from 20° to 800°, the higher temperature 
being only reached at the end of the stroke. If this cyde be studied, it 
will be seen that the mean temperature of the cylinder walls is so low 
that no water jackets are required. This mean wall temperature is not 
as high as that in steam engines, and much lower than the temperature 
in gas motors, although their walls are cooled with water. We may 
conclude,* therefore, that there is no theoretical difficulty in oonstructing 
a motor without water jackets, in which combustion takes place in the 
cylinder ; on the contrary, the walls of suoh an engine must be protected 
from loss of heat by radiation. 

As the single-acting plunger pistons 2 and 3 work at their lowest 
parts through stufl&ng boxes with oil under pressure, lubrication is carried 
on away from the hottest parts of the cylinder. It is not necessary to 
oil the intemal surfaces of these cylinders, because the long pistons do 
not touch the walls. 

As the weight of air used is small in comparison with the weight of 
the metallic parts in contact, the action of the walls (or exchanges of 
heat) become of great importance, and much attention must be paid to 
them. This action can be reduced by high speeds, and the cylinder 
being always dry, the walls will not have so injurious an effect as the 
wet walls of a steam engine. As the plunger pistons do not touch the 
walls, it would be possible to line the smaller cylinders 2 and 3 with 
non-conducting material. But it is important to romember that, in a 

* At p. 71 the moan tempcratures are oalculated from the temperature diagrams, 
Plate III. 



5 8 Construction of the Ideal Motor. 

steam engine, the hot steam enters a cylinder in which the walls have 
been cooled by the previous exhanst stroke, and water condenses on 
them ; whereas in the new motor, air enters the combnstion cylinder 
cold, and comes in contact with the hot walls. Thus each fresh quantity 
of air is heated during admission. This great difference leads ns to 
expect that the heat cycle in the new motor will be less affected by 
the walls than in steam engines. 

Eesidue of Combustion. 

As the coal is introduoed into the cylinder in the shape of fine dust, 
the products of combnstion will be still finer. As 1 kilo. of coal is used 
with 100 kilos, air (85 cubio metres) the residaum is about O • 1 kilo., a 
common proportion in the air of a room, if charged with dust. The 
air beiiig in rapid motion, the fine dust will not be deposited, but 
doubtless blown out of the cylinder at exhaust. Nor can it, when 
mixed with lubricating oil, have an injurious effect upon the internal 
parts of the engine. It must also be remembered that, with a maximum 
témperature of 800° C, there is no formation of clinker. The high 
compression, the great excess of air, the violent »movements, &c., cause 
combustion to be so intense and complete, that the tarry products will 
be bumt. With liquid or gaseous combustible, there is no more residaum 
than in oil or gas engines. 

NOISELESS WORKING. 

The engine works without shock, because, in the smaller cylinders 2 
and 3, compression takes place in the up-stroke, and is equal to the 
pressure of combustion in the down-stroke of these cylinders. There 
is not, therefore, as in gas engines, an explosion due to sudden increase 
of pressure ; on the contrary, the aotion of the motor will be smooth 
and regular. In the large cylinder. No. 1, there will be no more shock 
than in a steam engine. The vertical position of the pistens 2 and 3 
working single-acting makes the engine run smoothly, since the pressure 
is most of the time exerted downwards. 

We will now describe more in detail the working parts of the engine. 
The drawings on Plate II. must be oonsidered only as approximate 
designs, which may be varied to suit particular circumstances. It is 
not so much the construction, as the method of work, which is essential 
to the principle of this engine. 

Internal Valve Gear. 

Double-seated equilibrium valves have been chosen, because in 
other motors they have been found to wear well and keep tight longer 
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than ordinary slide valves, &o., and the method of driving them is 
much simpler. Otber kinds of valves can be introduoed acoording to 
ciroumstances. All the valves work downwards through stuffing boxes, 
with oil under pressnre, through which the valve rods move. Thus 
these parts are not only proteoted from contact with hot air or dust, but 
no leakage of gas or air is possible. 

Valve Vi (see Plate II. Fig. 3), opening communioation between 
cylinders 1 and 2, is exposed to the maximum temperature and pressure, 
and is therefore, as seen in the drawings, proteoted by its position 
from direct contact with the flame. It is never lifted when the pressure 
is very high, but only at pressures of 4 to 5 atmospheres. The maximum 
temperature of the air passing through it is 223°, hence this valve does 
not work under abnormal conditions, and it is unneoessary to oool it or 
any of the other valves by water. A similar valve opens communioa- 
tion on the other side of cylinder 1 with cylinder 3. (For details of the 
valves see Fig. 10, Plate II.) 

During adiabatic compression to 250 atmospheres, in cylinders 2 and 
3 altemately, and the succeeding expansion and combustion, none of the 
valves move, all remaining closed. Valve Vj, between the air reservoir 
in the base and cylinders 2 and 3, only admits cold air at a pressure of 
a few atmospheres, and therefore presents no difificulty. In cylinder 1 
the air suction valve Vg admits the fresh air (see Plate II. Fig. 6); 
valve V4 conveys the isothermally compressed air into the reservoir, 
and the exhaust valve Vg discharges the products of combustion. None 
of these valves are difificult to construct. 

All the valves are driven mechanically, although valves Vg and V4 
coTild be made to work automatically, but the cycle can be more per- 
fectly carried out with valves actuated as above. In principle it 
might perhaps be better to use slide instead of lift valves for the lower 
parts of the cylinder. 

Between valves Vs and V4, Fig. 6 (section M N) is a small valve Vg, 
driven mechanically, through which water is injected into the bottom 
of cylinder 1 during isothermal compression. There is a small reservoir 
in the lower part of cylinder 1, filled with water kept at a constant level- 
by a pump (not shown in the drawing), and the pressure in it is main- 
tained above that in the air reservoir. The water reservoir is shown at 
Plate II. Fig. 7. Fig. 9 gives it in horizontal section. 

As soon as valve Ve opens, water enters from this reservoir through 
the two nozzles D into cylinder 1, where it is sprayed, and produces 
isothermal cooling (see Fig. 9). When the pressure in the cylinder 
equals that in the reservoir valve Vé closes ; the injection of water ceases 
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automatically, becanse an equilibriam of pressure is established. The 
water injected runs off witb the air passing through valve V4 (Fig. 7) 
into the frame, from whence it is discharged through opening O by 
means of a water trap (Fig. 4). A channel C oonveys the air under 
pressure from the air reservoir to cylinders 2 and 3 respectively, and 
thus facilitates the separation of the water. 



Apparatus for Introducing the Combustible. " 

The mechanism for admitting the coal dust into the combustion 
cylinder is shown at Fig. 11, Plate II. From the coal hopper T (Fig. 3) 
the dust first falls automatically into the distributing receivers B. 

We will suppose the valves V7 and Vg, Fig. 11, closed, corresponding 
to the highest position of pistens 2 or 3 respectively. The ciroular 
coal chamber K in the receiver B is surrounded with coal dust (the 
quantity of coal admitted into chamber K per stroke being indicated 
in black). Valve V7 now descends, valve Vg remaining closed. As the 
stroke of V7 is equal to twice the height of chamber K, the latter entirely 
passes into the space B, and is emptied of its contents, which thus sur- 
round valve Vg. It will be seen that space E and receiver B are never 
in direct commuuication, and therefore coal can never fall accidentally 
into E, but only the quantity determined by the size of the annular 
space E. 

Fig. 12 shows how the height of chamber K can be regulated by 
hand, according to the heating value of the coal used. As valve V» 
descends, valve V7 remaining closed, the coal dust falls down into the 
groove H of a circular disc, which is brought into its highest position 
facing valve Vg. By the rotation of this disc half a revolution, the 
groove containing the coal dust is brought round to the cylinder, and 
an equilibrium of pressure is established, as the light powder should 
ofifer no resistance. As the disc continues to rotate, the dust falls 
from the groove into the compressed and heated air in the cylinder, the 
temperature of which is much above the ignition point of the coal. 
The latter is thus spontaneously kindled, generating heat which is 
instantly changed into work by forcing down pistens 2 and 3, without 
being allowed to increase the temperature or pressure of the air and 
coal. 

The injection of the combustible powder — dust coal — takes place 
gradually and continuously, during part of the stroke of the pisten as 
described ; the process is rather similar to the fall of sand in an hour- 
glass. The quantity of coal is fixed by the size of groove H and the 
circular chamber K ; the time of injection, or the period of admission of 
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the combnstible, is determined by the movement of the diso. These 
inner valves, in conjunction with the external valve gearing, regnlate 
the period of admission, and do not allow the last portion of the coal to 
fall into the cylinder and bum, nntil the pisten in its descent has 
reached the end of the coal admission period. Henoe the combnstion 
ciirve is almost an isothermal. 

In the engine nnder discussion it is taken for granted that the com- 
bnstible nsed is dry, as charcoal, anthracite and härd coal, and does not 
cake in burning. For other kinds of coal, and for liquid and gaseoas 
combnstible, the admission valve gear is differently oonstructed, as we 
shall describe låter. 

It will be seen that almost the whole of the compressed air remains 
in the valve chambers (see Fig. 3, Plate II.). During the retum stroke 
of pistens 2 and 3, the adr passes from these chambers into the cylinders, 
in the proper direction to meet and mingle with the coal dnst as it 
falls. The heat is thns equally distributed through the whole quantity 
of air, the volume of which is very small. Of all the parts of the engine, 
the rotating disc H alone is directly exposed to the flame, bnt as it is 
not a tight-fitting valve, this is of little importance. Besides, it is so 
constructed that it can be easily and quickiy replaced. 

External Valve Gear. 

From this description it is evident that dSL the valves, with the 
exception of valve V4, are opened or closed only at the enä, of the strohes 
of their respective pistons. This greatly simplifies the mechanism, as 
great precision is not required, becanse the speed of the pistons at the 
end of the stroke is zero. Cams have therefore been chosen for raising 
all the valves, and springs for closing them, as in Sulzer steam engines. 
The transmission of the motion from the cams to the valves, throngh 
rods, bell cranks, &c., is also similar to the Sulzer valve gear. As will 
be seen from Plate II., especially Fig. 7, all the cams are upon one 
horizontal valve shaft, placed behind the three cylinders (shown in plan, 
Fig. 8), which also drives the helical gearing working the coal distri- 
butör. It receives its motion from the vertical shaft W, driven in its 
turn by a pair of helical wheels from the main crank shaft. The valve 
shaft only makes half as many revolutions as the crank shaft. The 
construction of the engine is such that each valve, taken separately, is 
only set in motion at every second revolution of the motor, with the 
exception of the air prnnp, which would be better if driven by slide 
valves and eccentrics. 

As at least two valves always move simultaneously in the same 
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dii-ection, the valve gear might be still further fiimplified. The valves 
being never lifted exoept at the end of the stroke, it would be easy to 
act upon them from the piston rod. 

Eequlation of the Speed. 

If the speed of the engine becomes too great, the balls of the govemor 
rise, lifting a lever and rod, which act in their tum on the coal valve 
Vt, Figs. 5 and 11, Plate II., in snch a way, that it is released from the 
action of the cam, and no coal enters. As in gas engines, when running 
at too high a speed, the admission of combnstible is thns suspended for a 
time. It is easy, however, to regnlate the speed still more effectnally, by 
varying the height of the annnlar coal chamber K (Fig. 11), in which 
case the govemor shonld act upon the parts represented at Fig. 12. 

Staeting the Engine. 

This is effected by introducing compressed air from a reservoir 
into the cylinder through the opening E (Figs. 4 and 5), and letting the 
engine work with this pressure, until the fly-wheel has acquired suf- 
ficient momentum. 

Stopping the Enginb. 

The engine can be stopped by cutting off the supply of coal, the 
rod of coal valve V7 being thrown out of gear by hand. The cylinders 
continue to compress air, absorbing work, and thus bringing the engine 
rapidly to a stånd. 

The Lubrication of the Engine 

is not indicated in the drawings. It is intended to be carried ont by 
small pumps, supplying the oil chambers of the valves, plungers, &c. 
The air is also lubricated by dropping oil into it, as it passes through 
valve Vi, thus oiling cylinder 1. Ordinary oil can be used, because it 
is not exposed to high temperatures. Extemal lubrication of the 
moving parts is carried out in the usual way. 

Genebal Eemares. 

Figs. 4 and 5, Flate II., show that the motor extemally is not 
complicated. The cylinders are surrounded by a casing of sheet steel 
över the non-conducting material. Instead of three cylinders, a larger 
or smaller number can be used. The parts of the cycle may also be 
divided differently between the various cylinders; cylinders 2 and 3 
may be made double-acting, a separate air pump employed, or other 
modiflcations introduced. The design here given has the following 
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advantages ; High pressures are produoed only in small cylinders, the 
valves and di&tribnting gear act at low pressnres and normal tem- 
peratnres ; and the engine is Inbricated under ordinary conditions. 

As already mentioned at p. 44, this engine shonld solve the problem 
of carrying out the Camot cycle practioally, with an ordinary 00m- 
bustible. It may therefore be considered as a kind of ideal type, 
giving the maximum utilisation of heat at present attainable. Our aim 
has been to realise this ideal type as nearly as possible. The high 
pressures of air used, mnch above those hitherto employed in heat 
motors, wonld probably present certain practical difficnlties, and the 
mechanical efficiency with snch high compression might not at first be 
very satisfactory. Hence it wonld be well not to make compression 
too high at first. It is a matter for consideration how far the thermal 
efficiency wonld be sacrificed if, instead of the ideal cycle, we were to 
nse one with lower compression of air^ which wonld be easier to carry ont 
in practice. To this important subject the next chapter is devoted, and 
the question treated of using air pressnres of about 90 atmospheres, 
instead of 250 atmospheres. 



CHAPTER III. 



rrasT modification of the ideal cycle of com- 

BUSTION, AS APPLIED TO THE NEW MOTOB. 

§ 11. THEOEY. 

Instead of first compressing the air isothermally with injectiön of 
water, then adiabatically np to the presoribed temperature of combns- 
tion, let it be compressed adiabatically only, from atmospherio tempera- 
ture and pressure np to the maximum temperature. In this case the 
maximum pressure necessary to produce this temperature is known to 
be only a fraction of that required for the perfeot cycle. Let us then 
suppose combustion to be carried out isothermally exactly as before, 
foUowed by adiabatic expansion of the gases of combustion, till they fall 
to atmospheric pressure. The temperature at the énd of expansion will 
no longer be that of the atmosphere, as in the ideal cycle, because the 
exhaust gases will stiU contain a certain quantity of heat, but on the 
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other hand, no heat will have been carried off during the cyole by the 
injection of water. Natnrally the thermal efficiency of this modified 
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cyole will be less than that of the ideal. The theoretical diagram 
is given at Fig. 10. It is lettered as before, and needs no expla- 
ni^tion. 

FOBMULJB. 

The mathematical formulss for this oycle are as follows : 

1. Compresmn cylinder, 

The formnlad 42a to 51a, given at p* 21, for adiabatio compression, 
can be nsed. 

2. Combustion q/Under. 

As combustion and expansion are carried out in exactly the same 
way as in the ideal cycle, the formnlaa 133 to 138 remain vaHd, only the 
final temperatnre T must now be replaced by Tjg. We get therefore 

from 133: 

L'i = (l+G)pif?i, 

from 134: 



L"x=:(l+G)BTilog.^ 

1^18 

Qx = AL"i = A (1 + G) BTi log. ^ 



C. 



from 135: 

L"'i = (l+G)^(Tx-T28). 
Formula (136) thus becomes 
T. 



«e — 1 



Ti \PisJ W) ' 



(133a) 
(134a) 

(135a) 
(136a) 
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from 137 : 

Lr= (1 + G)i>t;28, . . . (137a) 
from 138 : 

Li = (1 + G) {I (Ti - T23) + B T, log.^[. (138a) 
From equations 136a and 48a we obtain 

K— 1 



i = (£|-)'. . . •. 0^) 



3. Fot the complete cycle. 
The total indicated work is 

L = Li - L„ = J {Ti + G T - (1 + G) T^s} 

+ (1 + G) B Ti log. ('^J . . ' . (141a) 

The heat eqnation is identical with 143, therefore 

H, - Hv = c, (Ti - T) + (1 + G) A B Ti log. (^). (143a) 

\PlB/ 

The T in this formula must not be replaced by Tgs, becanse, as here 
developed, it denotes the initial temperature of the air draum in, whioh 
is the same in both cycles. If in the last eqnation we write Hy = zero, 
no heat is carried off dnring combustion, and the weight of air necessary 
to falfil this condition is the same as that given by formnia 144, 
namely, 

^^Hi,c.(Ti-T)^^ ^^^^^ 

ABTilog.^ 

i^is 

As distingnished from the ideal cycle, the exhanst gases now contain 
the quantity of heat 

W = (1 + G) c, (Tas - T). . . (145a) 

As Hy = zero, the thermal efficiency 17 is equal to the actnal effioienoy 
V, or 

f A L ,- .« N 

lT7 = V = -g- • • . •. (146a) 

It has already been demonstrated, when stndying the fifth cycle, that 
the balance of heat gives the Talne A L, 
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DiSCUSSION OF THE FORMUL-E. 

If the måximTim temperature, T^, be as high in tliis as in the ideal 
engine, the corresponding maximnm pressure, |?i, can no longer be 
arbitrary as before, but is determined by fommla 48a. On the other 
hand, while in the ideal cycle the final pressure, |)is> of isothermal com- 
bnstion was given by the formnlee, in the modified cycle we are consider- 
ing we are obliged to fix this final pressure. 

As indicated by the dotted lines in Fig. 10, combustion can be oon- 
tinned at pleasure, but the more it is prolonged, the less difference there 
will be in the limits of pressure between which the succeeding adiabatic 
expansion takes place. The exhaust gases will be hotter and carry oflF 
more heat, but the same weight of air will do more work. Hence the 
following proposition may be deduced : — The furiher camlmstion is carriedy 
ihe smaller will he the cylinder for a given guantity ofwork^ hut the hwer the 
thermal efficiency. 

Thus we have to choose between these two results, in order to de- 
termine when combustion shall cease. This influences the mean 
temperature of the cycle, which ought always to be so chosen, that no 
artificial cooling of the walls is necessary. 

NUMERICAL EXAMPLE. 

As in the ideal cycle, let us take t = 800° C. as the maximum tempera* 
ture during combustion ; the maximum pressure, according to formula 
48a, p. 21, will then be |)i = 8i.9'8 atmospheres (say 90), instead of 250 
atmospheres. The thermal efficiency iy, and the cylinder volume per 
I.H.P., tt, are given in the following table, in which different values are 
assumed for p^^ • — 

^''^m?S'?'}= 'V "^ ^ '" ' »tmospheres, 

u cylinder volume =00115 0-0055 0*0035 00026 0-0026 cubicmetres, 
v thermal efficiency =0*722 0-709 0*686 0*627 0*582 

In the ideal cycle (see page 49) we had 
|)jg = 89 • 84 atmospheres. 
u = 0*00266 cylinder volume. 
rj = O' 730 thermal efficiency. 

A comparison of these figures shows that with the modified cycle 
71 per cent. of the heat generated may be utilised, if with the 
same power the volume of the cylinder be propoftionally increased 
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=: abont 2 to 1. Witn anotner proportion = about 7 



0-00266 ^ ^ 0-00266 

to 5, the heat utilisation will be 68 - 6 per cent., and with a cylinder of 
the same size as in the ideal cycle, 63 per cent. In the latter case the 
work of the modified cycle can be carried ont in a cylinder constructed 
for the ideal cycle, by simply abolishing the injection of water during 
compression, thns entailing a sacrifice of abont 10 per cent. of the avail- 
able heat. This is a considerable loss ; but if we rednce it to 5 per cent. 
and the efficiency to 77 = 68-6 per cent., the cylinder, as compared with 
that of the ideal engine, need only be enlarged in the proportion of 7 to 5, 
a very slight increase, when the diminution in efficiency is only about 
5 per cent, On the other hand, the maximum pressnre is rednced from 
250 to 90 atmospheres, and unquestionably the loss in thermal, is 
more than compensated by the gain in mechanical efficiency. In this 
modified cfycle we have the fiirther advantage of working with pressures 
which are often used in practice, and obtained withont difficnlty. In 
torpedoes and pneumatic accumnlators they have long been employed. 
Carbonic acid compressors, of which a large nnmber are now made, 
work at pressures of 65 to 80 atmospheres, and give a high mechanical 
efficiency. This modified cycle also requires no injection water in the 
cylinder. This simplifies the constraction and makes the motor com- 
pletely independent, as, with the exception of air, nothing is needed to 
drive it bnt a combnstible. 

There can be no doubt, therefore, that this modified cycle is the best 
for practical applicatioD. 

The Indicator Diagram 

of this cycle is shown to scale at Plate I. Fig. 2. To compare it with 
the diagram already given of the ideal cycle (Fig. 1, Plate I.)^ the 
latter is also indicated in Fig. 2 in dotted lines, within the same limits 
of temperature. It will be seen that the compression cnrve V V^ of the 
modified cycle follows the same adiabatic line as the final expansion 
cnrve in the ideal cycle ; also that the combustion cnrve Vi Vjg in the 
modified cycle begins exactly where it ceases in the ideal cyde ; both 
combnstion curves being difierent parts of one and the same isothermal. 
The adiabatic expansion in the modified cycle is Vis Vjs, and the curve 
lies higher than in the perfect cycle, becanse the air is hotter. For the 
same reason, the final volume of the air at point Y2S is greater than at 
point V during admission. Volume Vgs determines the size of the 
cylinder, volume V, that is, the quantity of air drawn in per stroke, must 
be fixed by the valve gear. 

F 2 



68 Construction of the Motor with Modified Cycle. 

The Maximum allowable Pressijbes of Air, 

It is interesting to note that the maxinmm pressnres of thi& cycle 
can be veiy mncli rednced if the highest temperatnre is diminished, as 
for example : — 

For maximum temperatures of .. 600° 700° 800° C. 

the highest pressures will be about 44 64 90 atmospheres, 

and the thermal efficiencies „ 60 64 68 per cent. 

To diminish the pressnres thns causes an additional sacrifioe of 
thermal efficiency, bnt even if they be' rednoed to 44 atmospheres, the 
ntilisation of heat in the new type of motor greatly exoeeds that in 
existing heat engines. This diminntion in pressure will be fonnd nsefal 
for certain simple types, but our aim mnst always be io raise the tempera- 
tures and presmrea to the highest working limit It would be easy to cany 
out the cycle with a muoh higher maximum than 800° C. temperature, 
and 90 atmospheres pressure, 

We will now desoribe three types of this motor, designed in aocord- 
anoe with the modified cycle, for utilising solid, liquid and gaseous 
combustibles. 



CHAPTER IV. 



CONSTRUCTION OF THE MOTOR WITH MODIFIBB CYCLE 
OF COMBUSTION. 

§ 12. DESIGNED FOR SOLID COMBUSTIBLB, WITH 
VERTICAL CYLINDER. 

(Maximum pressure 90 atmospheres ; maximum temperature 800°.) 

COMPOUND Type. 

As we have said, the motor shown at Plate II. can be used without 
alteration for the modified cycle, if the injection of water during com- 
pression of air be onritted, and the size of the cylinder determined by 
the new formulea. The air reservoir must be well oovered to prevent 
radiation, and fixed apart from the engine, instead of in the frame. 

The advantage of this type is that the eombustim cylinders can he 
made very smaUf because they have only to complete the compression 
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of air previoTisly oompressed one-third to one-fifth in volume by the 
pump. Besides, as tliere are two combastion cylinders, they can be 
of half tbe dimensions, and tbe whole construetion simplified. Com- 
pression and expansion in two or more cylinders offer therefore many 
ädvantages in practioe. We need not dwell further upon this method 
of carrying ont the cycle, bnt it must be remembered that it is applicable 
only for larger powers. For engines up to about 50 H.P., and especially 
for small motors, <me cyliTider only should be used. 

COMPRESSION AND EXPANSION IN OnE CyLINDER 
(NON-COMPOUND TyPE). 

In snch a motor the ordinary 4-oyöle must be used, as in single- 
cylinder gas engines, with one motor stroke for every two revolutions. 
Two such engines coupled together, with altemate combustion, give one 
Working stroke per revolution, and greater regularity in running. This 
type is represented at Plate II. Figs. 13 to 15, and is described on the 
next page, because it is designed for use with liquid oombustible, such 
as petroleum. 

XJtilisation of Bituminous Coal. 

We will now describe the way in which we propose to use caking 
coals. As the rotatory coal distributör described at p. 60 is exposed 
to the heat of the compressed air, and works generally at a high tem- 
perature, if a caking oombustible were employed, the coal in the 
groove would become soft, and thus be diffioult to introduce into the 
cylinder. Caking coal must therefore be kept cool, and should only 
come in contact with the heated air in the .cylinder af ter being 
pulverised. There are several mechanical methods of solving this diffi- 
culty, one of which is represented at Plate II. Fig. 18. Here G is the 
upper part of the combustion cylinder, P the plunger in its highest 
position, forcing the compressed and heated air into the combustion 
chamber A. The engine, as designed, has an air pump (not shown in 
the drawing), which compresses a small quantity of air to a pressure 
several atmospheres higher than the maximum in the cylinder ; this air 
is cooled with water durin g compression. At a given moment the small 
rod N is raised mechanically, and the compressed and cooled air passes 
out of the circular space L into the combustion chamber A, carrying 
with it the coal dust injected during its passage. As the cold air is at 
a higher pressure, hot air from A can never find its way into L. The 
ignition of the dust coal takes plaoe in A, as the piston recedes and the 
pressure diminishes. By this arrangement the coal admission poi-t should 
not become blocked. The space L is aleo surround«d with water, W. 
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§ 13. METHOD OF UTILISING LIQUID COMBUSTIBLE, 
(Plate IL FigB. 13 to 16.) 

General Description op a Motor with Two Vertical Cylinders, 

SiNGLE ACTING. 

The general arrangement of the engine is seen at Fig. 13 ; it consists 
of two single-acting vertical comhustion oylinders, exactly alike, with 
plunger pistons. The cranks of both are at the same angle, and com- 
bnstiön takes plaoe altemately in each, thus giving a motor stroke for 
every revolution. Each cylinder forms a oomplete engine, bnt when 
Tised singly it wonld not run so regularly. The cylinders are well 
covered extemally to prevent radiation. 

The Cycle 

in eaxih cylinder is as foUows : — 

1. Descent of thepiston by the energy accumnlated from the preoeding 
motor stroke. Drawing in atmospheric air, through valve V (Fig. 13), 
during about 75 per cent. of the stroke ; valve V then closes. While the 
piston oompletes this non-motor stroke, the air unintentionally expands 
a little, a resnlt which does not afifect the cycle. This expansion is pro- 
dnced becanse the air, being hot, has a greater volume at exhanst than 
when drawn in, and because the cylinder volume is determined by the 
volume of air after combustion. (Compare diagram, Flate I. Fig. 2.) 

2. Ä8cent of the piston to its highest position, which is determined 
by the radius of the crank : this position is indicated by the dotted line 
marked 2 in Fig. 13. During the up-stroke the piston, by the energy of 
previous motion, compresses the air to a pressure of 44 to 90 atmospheres, 
and it is thus heated from 600° to 800° C. (non-motor stroke). 

3. Second descent of the piston^ or motor stroke, The valve V still 
remains closed, but at the dead point, or very slightly before it, the rod n 
(Fig. 13) is lifted, and admits a small quantity of petroleum under con- 
siderable pressure, into the heated air through the opening D ; this part 
of the engine is drawn to a larger scale with the same letters at Fig. 13a. 
Instant ignition and combustion of the injected oil takes place, the 
piston recedes and the air expands simultaneously, so that during the 
whole period of combustion the temperature does not rise above that 
originally produced by compression (600° to 800° C). The oil is admitted 
during 7 to 8 per cent. of the piston stroke ; the rod n then falls, and 
adiabatic expansion of the gases of combustion follows to the end of the 
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stroke. The gases fall in temperature very rapidly, as shown by the 
foUowing figures : — 

At a temperature of combustion of 600° C. they cool to 60° C. 

700° C. „ 90° C. 

800° C. „ 130° C. 

4. Second aacent ofthepiston (non-motor stroke) by the energy accu- 
mulated during the preceding down-stroke. The valve V again opens, 
and the exhaust gases escape into the pipe E leading to the outer air 
(Fig. 13). A repetition of the cycle above described then foUows. 

Thk Temperatures m the Cylinders 

are of special importance, if the cycle is to be carried out withont any 
cooling of the walls. In Figs. 19 and 20, Plate III., a diagram of tem- 
peratures based on a maximum of 800° C, is given for this motor, during 
a four-cycle period. 

In Fig. 19, K is the path described by the crank pin, P the connecting 
rod ; the base line O to 8 on the left represents the diflferent positions of 
the piston. The semicircle traced by the crank pin is also divided into 
eight equal parts and times, corresponding to the positions of the piston 
0, 1, 2. . . 8. At each of these points the corresponding temperatures are 
plotted as ordinates on the base line, according to the well-known 
adiabatic formula 

K-l 



Ti \vJ 



The curve a h for the temperatures during compression is thus obtained, 
the horizontal line h c for combustion at constant temperature (800°) 
and the curve c d for the expansion, e a Js a constant taken at 20°. 

During the rotation of the crank, equal distances are trr.versed by 
the piston in very different periods of time. Hence it is important to 
know the temperatures in proportion to the times occupied by the 
strokes, and not to the distance traversed by the piston. Therefore 
Fig. 20, Plate III., represents the diagram of temperatures on a time 
base. mn shows the period of drawing in the charge at a constant 
temperature of 20°; no the period of compression, the temperature 
rising to 800°; op the combustion period at constant temperature, and 
then expansion at decreasing temperatures ; p q represents the exhaust 
at a constant temperature of 130°. Each of these four periods is divided 
into eight equal parts (equal times) corresponding to the eight divisions 
(0-8) of the semicircle described by the crank-pin. The curves of 
Fig. 20 are obtained by plotting the ordinates from Fig. 19 on to the 
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eight cörresponding divisions of the time diagram. It is easy, by calou-: 
lating the area of the time diagram, to get the mean temperature 
during the two revolutions or the fonr strokes, which will be found equal 
to 170°, heing the mean temperature of the ércycle. 

This mean temperature of 170° is not higher than that in steam 
engines. We have thus demonstrated that the whole cyole may 
be carried out, without artificial oooling of the walls. The above calcn- 
lations also show, that the temperature of combnstion may be taken 
higher than 800° C. If it be increased to 1100° or 1200° C. the mean 
temperature wonld still be less than 300°. Even with the modified 
cycle, therefore, the thermal efficiency may in theory be 75 per cent. 
Bnt to exceed this temperature of 1100° to 1200° C. is not desirable, 
because^ above this limit the efficiency, as shown at page 43, increases 
very slowly. Again, the mean temperature of 170° only applies to the 
compression space, that is, the part of the cylinder where the combustible 
is admitted. The further the piston moves down, the lower will be 
the mean temperature ; near the stuffing box (at the lower end of the 
cylinder) it will |be only slightly higher than that of the outer 
air, hence the piston should work at this part under favourable con- 
ditions. 

It is not necessary to consider the temperatures and pre^sures for 
each part of the engine, valves, &c., this having been already done in 
the description of the ideal engine, but the 

Construction of the Parts 

must be touched upon in a few words. The vsdve V is held on its 
seat by a spring, and is raised by the cam S (Flate II. Figs. 14 and 15). 
This cam is simple in shape, because the valve remains open during a 
whole revolution (exhaust and admission), and closes during the next 
complete revolution, (compression and combustion). The distributing 
shaft W makes half as many revolutions as the crank shaft ; the driving 
gear of this shaft is not seen in the drawings, but it is similar to that 
shown at Plate II., Figs. 3 to 8. The base of the engine, crank, oon- 
necting rod, &c, are omitted for the same reason. 

Through the nozzle D, closed by the rod n, the liquid combustible 
is gradually and continuously introduced. It is admitted from a pump 
(not shown) at a constant high pressure, through the centre of the 
nozzle D, Figs. 13 and 13a; in Fig. 14 t marks the junction of the oil 
pipe and the pump^ The mechanism for .regulating the admission of 
the liquid combustible is similar to that used to admit the steam in 
Sulzer engines. An eccentric E moves the steel tappet q (Fig. 15) up 
and down ; as soon as ^ in its descent strikes the tappet r, the rod is 
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lifted, and the valve remains open until tlie tappet ^ leaves r, when 
the rod is suddenly driven down by a fipring. As r can be shifted by 
the rod 9 1^ acted on by the governor, the latter determines the time of 
admission of the oil in both cylinders, and keeps the engine at a regular 
speed. 

In Figs. 13 and 13a there is a circnlar space 9 round the nozzle, 
commnnicatiDg with the interiör of the cylinder. During the retum 
stroke of the piston at diminished pressure, the compressed air passes 
from this circnlar spaoe back into the cylinder, and thus not only pnl- 
verises the oil, but also prodnces violent motion, the effect of which is to 
distribute the heat of combustion thronghout the volnme of air. 

At O, Figs. 13 and 14, is another opening, to admit compressed air or 
an explosive snbstance, for starting the engine. 

The plunger piston is packed by means of a metallic ring L, an oil 
chamber K, and the nsual stnffing box a. L being filled with oil under 
pressure, the escape of air is prevented. The pressure of oil is main- 
tained in L by a small pump. The chamber K is also filled with oil, 
and the surfaces of the piston are thus thoroughly lubricated ; the usual 
packing a is only intended to retain the oil in K, and cleanse the piston. 

At Fig. 16, Plate II., another method is shown for driving the petro- 
leum distributör by a cam. The packing of the piston is also modified ; 
it consists of two metallic rings of anti-friction metal, between which oil 
is maintained at a higher pressure than that in the cylinder. The 
upper ring keeps the piston clean, the lower forms the packing, the oil 
under pressure making the joint. 

We must not omit to mention that the oil valve with its driving gear 
can be omitted, if the petroleum feed pump is so arranged that, at the 
right moment during admission, it forces the petroleum through the 
nozzle D into the cylinder. If thus utilised, the feed pump must be 
provided with some mechanism to vary the period of admission into the 
cylinder ; this can easily be arranged by a governor. 



§ 14. METHOD OF UTILISING GASEOUS COMBUSTIBLE. 

Description. 

Gaseous combustibles must be compressed by a separate small pump 
to a somewhat higher pressure than in the working cylinder. During 
and after this compression, the gases must be sufipciently cooled to be 
led through a pipe to the cylinder. In other respects, the method of 
introducing the combustible is the same as that for oil, as shown in 
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detail in Figs. 13 to 18, Plate II. The distributing mechanism can 
easily be adapted to gases withont muob modification. 

Price of the Gas (Germany). 

Let US assnme that 1 kilo. of coal, of a heating value of 7800 calories, 
coBts about \å, (or about \å, per Ib.), while 1 CTibic metre ligbting gas, 
containing 5000 calories, costs about 2å, Therefore, in the coal tbere 
are from 3500 to 4000 calories per \å,y and only about 320 calories in 
the gas for \å, ; thus the heat (calories) in the gas costs 10 times as 
much as that in the coal. The gas motor is also dependent on gasworks 
and gas mains, (except where poor gas is used), while the new motor is 
independent of all connections, simpler and more convenient. We may 
therefore assume that, on account of the cost, gas will not be used in 
our engine, except where the qualities of certain kinds of solid coal do 
not admit of their being introduced into the cylinder. Such fuels 
must be first gasified, but this does not require any complicated 
apparatus. 

The Gas Producer 

we propose for the new motor consists of a vertical inverted conical 
pipe lined with firebrick, the lower end filled with coal. The quantity 
of air necessary to gasify the coal is drawn into the motor at each 
stroke, through the combustible. The gas produced is then compressed, 
admitted to the cylinder at the right moment, and ignited. The gene- 
ration of gas thus takes place per stroke, without previous storage in a 
gasholder, and the quantity of gas required at each stroke is exceedingly 
small, less than x^*^ ^^ ^^ volume of the working cylinder. The gas 
producer and compression pump are also so small that radiation and 
other losses need scarcely be considered, and no residue is introduced 
into the cylinder. 

Any production of gas, however, entails a certain loss of heat, the 
gas not having the heat value of the original combustible, and the 
generator, although simple, should only be used where the coal is so 
poor in quality, that it cannot be admitted directly to the cylinder. 
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CHAPTER V. 

OTHEB MODIFICATIONS OF THE IDEAL CYCLE. 

§ 15. SECOND MOPIPICATION. EXPANSION NOT 
CONTINUED TO ATMOSPHEBE. 

A study of the diagram of the modified cycle, Fig. 2, Plate I., will 
show that to obtain the minimum preesure of expansion a large cylinder 
voliime V V2S is required, thongh 
the area in this part of the diagram 
represents only a small qnantity of 
work. This suggests the idea of 
omitting the area 2\ 2s a, Fig. 11, 
of the final point to which expansion 
is carried. A volume of air could 
then be drawn in equal to the total 
volume of the cylinder (instead of 75 
per cent.)^ and expansion Ig 2* b could 
be continued to the original volume 
& a of the air admitted. 




Fio. 11. 



Calculation of the Loss of Work. 

The formulsB already drawn out can be used without modification. 
With the same maximum temperature, 800° C, they give for the final 
pressure at point 2\ 

|)'2B = 1 • 62 atmospheres, 

and for the final temperature of expansion at the same point 

T'28 = 187° (instead of 130° as before). 

The opening of the exhaust valve causes the pressure to fall immedi- 
ately to atmospheric _p, and the gas is cooled to 130° ; thus exhaust, as 
before, takes place at 130°, and the mean temperature in the cjlinder 
is not much higher. The proportion of the shaded to the total area of 
the diagram in Fig. 11 is O '9652. The thermal effioiency is 0*654, 
instead of 0*678. The loss in thermal effioiency, 2*4 per cent., is so 
slight that it justifies the reduction in the dimensions of the cylinder. 

Practical Conclusions. 

The new motor should he so constructed that^ during the admUsion stroJeCf 
air %8 draum into the whole volume of ike cylinder, and the latter is exactly 
as large for the modified as for the perfect cycle. 



^6 Other Modifications of ihe Ideal Cycte. 

§ 16. THIRD MODIFIOATION OF THE IDEAL OYCLE. 
OTHEB METHODS OF COMBUSTION. 

In oonsidering the third and fonrth cycles, we liave seen tliat with 
combustion at constant pressnre and constant volume, much better 
resnlts may be obtained than are now given by ordinary air and gas 
engines. To effect this object, the compression of tbe air must be 
carried as far as in the isothermal cycle. The combnstible, therefore, 
must not be previously mixed with the air, but the latter must be com- 
pressed separately, otherwise, long before the required compression has 
been attained» ignition will be produced, and the cycle interrupted. 
The combustible should be injected into this oompressed air, whioh 
is already heated much above ignition point, and ignition obtained 
either so rapidly that combustion takes place almost at constant volume, 
or during part of the retum stroke of the piston. Aocording to the 
proportion between the time the combustible is injected and the length 
of the piston stroke, combustion is produced either with rising, faUing, 
or at constant preesure, and, if the combustible be added as described 
above, at constant temperature. 

COMPARISON OF THESE MODIFIED CyCLES WITH THE CyCLE OF IdEAL 

Combustion. 

In all these types of combustion the charaoteristic features of the 
new engine described at page 44 remain the same, namely, 

1. Production of a very high temperature (much above the ignition 
temperature of the combustible) not by combustion, but by compression 
of the air. 

2. Gradual introduction of the combustible into this oompressed and 
highly heated mäss of air, during a longer or shorter period. 

3. Choice of a proper weight of air in proportion to the quantity 
of combustible, according to the formulaö based upon the heat value 
of the latter, and the oondition that a oertain maximum temperature 
must not be exceeded. Hence no cooling of the cylinder should be 
necessary. 

The cycle of these different types of engines will vary only in the 
time of admission of the combustible, but the thermal results ob- 
tained will differ considerably. It would carry us too far to analyse 
the different methods of combustion in detail, and it is unnecessary, 
as every physicist can demonstrate the results a priori. The cycle 
described for the ideal engine is in faot the Camot cycle, which 
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yields, as is well known, the maximum possible utilisatiou of heat. 
The limits of temperature (without cylinder cooling) being pre- 
scribed by practical considerations, all other cycles will^ hetween these 
limits^ give much lower thermal efficienciea than Camofa^ or the modified 
cycle here descrihed, 

Practical Conclusions. 

In our opinion, to attempt to introdnoe the combustible in a different 
way to that described wonld be an error. Äll other rnethods of comhustion 
require much larger cylinders for the same amount of work done, They 
wonld tend, not to improve the engine, like the second and third modifi- 
cations of the ideal cycle described aboTe, bnt to diminish its thermal 
efficiency. 



CHAPTER VI. 

§ 17. THE NEW MOTOR WORKING WITH €LOSED 
CIRCUIT.* 

We have seen at p. 47 that the cylinder dimensions can be consider- 
ably rednced if a higher pressure, p\ than the atmospheric, p, be taken 
as the lowest limit. 

Theory. 

It is not neoessary to work ont the formnl» for this type of engine, 
bnt only to give the resnlts. Within the sams limits of temperature, the 
worh corresponding to each portion of the diagram, as well as the final results 
mih respect to useful toorJc, temperature and thermal efficiency^ are the same 
for an engine working toith closed as for one with open circuit, On the other 
hand, the pressures at the four points of the diagram are higher in the proper- 

tion ^ , cmå the volumes smaller in the inverse ratio ^ . Hence it is the 

p ^ . 

pressures alone which determine the limit of rednction in the size of the 
engine. 

♦ [NoTE BY THE Tbanslatob. — The German terms "gesohlospene" and "offene 
Masohine" may be translated, the firat as '* closed circuit/' signifjing a motor in which, 
as in a snrface-condensing steam engine, the exhanst is not sent into the air, bnt into a 
surfaoe-condenser, and re-enters the cylinder as steam. In an '< offene Masohine," trans- 
lated '^ open circuit," the steam or gases are discharged into the atmosphere at the oom- 
pletion of each cycle.] 
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Om of the moat tmportant aims of the engineer will therefore he to deal 
tuith the queation qfproducing very high compremon of aivy and thus to reduce 
the cylinder dimensions^ especially in larger engines, On acconnt of its im- 
portance, -we repeat our argument that if compression and expansion be 
carried ont in two or more cylinders (componnd type), the dimensions 
of the combnstion cylinder (the only part of the engine exposed to very 
high pressnres) oan be greatly reduced. For example, as soon as a work- 
ing pressnre of 270 atmospheres can be prodnced, the engine shown at 
Plate II. Figs. 3 to 8, will be able to indicate 300 instead of 100 H.P. 
It wiU only be necessary to raise the initial pressnre to 3 atmospheres, 
work the engine with a closed circuit, and carry ont the modified cycle 
withont injection of water. With a lower thermal efficiency, a pressnre 
of 3 X 44 = 132 atmospheres will produce the same result. See p. 68 
for the proportions between the pressnres, temperatures and efficiencies. 

CONSTRUCTION. 

In an engine working with open circuit, the hot products of com- 
bnstion are disoharged into the atmosphere. With a closed circuit the 
heat can only be withdrawn from the exhaust gases by water or other 
artificial cooling, either in a surface condenser or a refrigerator. As a 
motor of this kind is intended principally for larger powers, such as 
marine engines, water is always available. At a temperature of 10° C. 
the quantity of water required is only one-tenth of that needed for con- 
densing steam engines ; if its temperature is lower than 10°, the quantity 
can be still further reduced. 

If the lowest temperature of the cycle be taken at 100° C. instead of 
20° C, the cooling of the exhaust gases (hot air) can be carried ont at 
that temperature, say by evaporating the water in the condenser. Thus 
the quantity of cooling water may be so reduced, that portable engines 
and locomotives, provided they work with a closed circuit, can carry 
water with them withont difficulty, as the amount is much less than the 
feed water required for steam engines of the same power. 

The Working 

of the engine with chsedy is essentially the same as that with an open 
circuit. The air, however, is not drawn in from the atmosphere at the 
pressnre p, but from a refrigerator at the pressnre i>' > |> ; the tempera- 
ture in both cases is about the same, viz. 20° C. The refrigerator serves 
at the same time as an air reservoir, and contains, not pure air, but a 
mixture of air and gases of combnstion, the products being chiefly de- 
posited by the cooling water. In a gaseous mixture of this kind regular 
combnstion cannot take place. The motor is therefore provided with a 
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small air pump, to snpply at each stroke the qnantity of fresli air 
necessary for combustion ; the principal or combustion cylinder draws 
in at the same time, and compresses, somewhat less than the normal 
quantity of gaseous mixture from the refrigerator. 

At the moment of highest compression, communication is established 
between the cylinder and the air pump. The pure, highly compressed 
air passes from the air pump into the combustion cylinder, meeting on 
its way a stream of pulverised combustible, and ignition is produced. 
At the same time, in consequenoe of the inrush of air, it is thoroughly 
mixed with the gases in the working cylinder. The phenomena are the 
same as if combustion had actually taken place, as before, in the cenlre 
of the gases, although they only serve as a heat medium. 

A quantity of gas equal to that of the fresh air admitted mUst be 
discharged from the refrigerator at each stroke. As thesé gases are at a 
certain pressure they can still produce work, and thus refund the energy 
needed to compress the fresh air, and replace that nsed in the cylinder. 

SuppLY OF Fresh Air for Combitstion. 

We do not propose to study this problem, but if carefally considered 
it demonstrates that, in an engine toith closed circuit, to tahe in and compress 
the air for combustion requires no expenditure of workj if the expansion of 
the exhaust gases be utilised for compression. As these gases expand 
adiabatically, and the fresh air can be isothermally compressed, with 
water injection, to the pressure of the refrigerator, it is even possible 
to obtain a small gain of work. It is, however, hardly likely that this 
slight advantage will counterbalance the complication of the water 
iujections. 

CoMPOuND Engine with Closed Circuit. 

The advantages of this arrangement have been explained at p. 68. 
The chief gain is that, with a combustion cylinder of the same size much 
more work is obtained than in an engine with expansion in one cylinder. 
It is only the combustion cylinder which is exposed to high tempera- 
tures and pressures, and the difficulties of construction increase in pro- 
portion to its dimensions. As the central expansion cylinder always 
works under normal conditions, our endeavour must be to increase the 
power, not by enlarging the combustion cylinder, ibut by adding an 
auxiliary expansion or compression cylinder. 

If the closed circuit be combined with compound expansion, such 
small motors will be required that they resemble models, as compared 
with our present steam engines. 
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CHAPTER VII. 
§ 18. APPLICATIOirS OF THE ENGINE. 

TÄe advantages of the new motor are the absenoe of boiler and 
chimney, its small dimensions, compactness and simplicity. For these 
reasons we consider it superior to existing motors. Bnt its chief recom- 
mendation is the great economy of fael which, if confirmed by carefnl 
trials, may canse it to supersede the many types of engines at present 
used, including steam. 

Besides the above, the following points are much in its favour : — The 
new engine is independent of any gas, water, or électric works ; it can be 
set np anywhere ; and is easily transported from place to place. Hence 
it seems capable of many important applications for motive power. some 
of which are here briefly ennmerated. 

I. Engines for Large Powers (on Land). 

Under this head we have nothing to add to what has been already 
mentioned, the advantages of economy of oombnstible, absenoe of boiler, 
chimney, &c. 

II. Engines for Small Powers (on Land). 

For snch purposes the new motor is both convenient and light ; for 
yery small powers it may almost be compared for lightness and portability 
to a sewing machine. As it is simple, and does not require more technical 
knowledge to drive it than a gas engine, it may even compete with the 
present system of engines in central stations for distribnting motive 
power in cities. It is certainly better to remove small works from the 
towns into the snburbs or oonntry, instead of allowing them to be 
crowded into the great oentres of popnlation, where they are packed 
together without light, air or space. But this can only be done if the 
power be obtained from an engine which is qnite independent of gas, 
water, &c., like the one here described. Probably it wonld be more 
economical to have many small, than one large motor, as the new engine 
can be worked so cheaply. 
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III. LOCOMOTIVES. 

We consider the new motor specially applicable on railways, to 
replace ordinary steam locomotiyes» not only on account of its great 
economy of fuel, but because thero is no boiler. In fact, the day may 
possibly come when it may completely change onr present system of 
steam locomotion on existing lines of rails. 

IV. Tramways and Garriages for Koads. 

The new motor can easily be ntilised for these pnrposes, since it 
requires neither boiler, water, nor stoking, and only a small quantity of 
fuel. There should also be no smoke. It might even compete success- 
fully with electric carriagesj 

V. Marine Engines (Ocean, Eiver, Canal). 

Here a large field is offered to the new motor, because, in onr opinion, 
it is perfectly snitable for steamers of both large and small powers. In 
marine work it is specially necessary to economise space and weight of 
fuel, and a saving of combnstible is of much greater importance at sea, 
where the fuel has to be oarried in the vessel, than on land. Modem 
marine engines, with their boilers and coal, absorb the larger part of 
the tonnage of the vessel, and it would be of the greatest advantage 
to reduce the space they ocoupy. If this could be done, steamers might 
be constructed much smaller, with equally powerful engines, to carry 
more freight, and run at greater speeds. The absence of boilers would 
also realise a very important saving of cost, space and risk. In war-ships 
these advantages would be enhanced, and the total absence of chimneys 
would be an additional gain. 
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CHAPTER VIII. 
§19. CONCLUDING REMAEKS. 

In the course of this work we have frequently drawn attention to the 
points which distinguisli the new from all existing motors, but it maj 
be of interest to snmmarise the chief features. 

The characteristios of the working cycle, as deduced from our theoiy 
of eombustion, are : — 

1. Production of the highest temperature of the cjcle, not by and 
during combnstion, but before and independently of it, solely by com- 
pression of air, or of a mixture of air and gas. 

2. Gradual introduction of the pnlverised oombustible into the com- 
pressed and heated air during part of the stroke of the piston, and in 
such a way that combustion produces no increase in temperature of the 
gases. Hence the combustion curve obtained is as nearly as possibie 
isothermaL Åfter ignition, combustion is not left to itself, but is 
regulated by extemal mechanism throughout its course, and the right 
proportions are thus established between the pressures, volumes and 
temperatures of the gases. 

3. Choioe of the right weight of air G in proportion to the heat value 
(Hl) of the oombustible, according to formula 144, the temperature of 
compression (and of combustion) being previously so determined that 
the working of the engine, lubrication, &c., can be carried out without 
cooling the cylinder. 

We need scarcely say that, in practice, these conditions can hardly be 
realised. In working engines the comers of the indicator diagrams are 
more or less rounded, the curve of combustion is not perfectly isothermal, 
and under given conditions a certain increase in temperature or pressure 
will be caused by combustion. The rise, however, is slight in com- 
parison with that previously produced in the temperature and pressure of 
the gases by compression. Nor do these differenoes affect the principle 
of the cycle. 

We will now consider how far existing heat motors conform to these 
conditions. 

I. Steam Enoines and Steam Boilebs. 

The utilisation of oombustible in these motors is not oarried out in 
accordance with any of our prescribed conditions, and the usual method 
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of combustion is, in our opinion, erroneons. Firstly, the heat is added 
both to the air and to the steam at the wrong time, and increases their 
temperatnre ; seoondly, the quantities of air nsed for combustion are 
insnfficient. To this must be added the loss of heat from the open far- 
nace by radiation and conduction, and the heat löst np the chimney, 
whereby from 20 to 30 per oent. is wasted. With all these drawbacks, 
it is easy to understand why the most perfect types of steam engines 
and boilers only convert from 7 to 8 per cent. of the total heat of the 
ftiel into useful work. 

II. ' Air Engines with Open Purnaces. 

The cycle in these motors begins with a loss of heat of 20 to 30 per 
cent., due to the open gråtes. Next, it is impossible to obtain the 
required compression in cylinders heated extemally, sometimes even to 
a red heat. Again, these heating surfaces are very small, being only 
the walls of the cylinder, &c. Heat is added and abstracted both in 
insufficient quantities and in the wrong way, and it is also necessary to 
cool certain parts of the engine. For the above reasons, these types of 
motors give even lower thermal efficiencies tha^ steam engines. 

III. Air Engines with Closed Furnaces. 

In these motors the requisite compression cannot be realised, because 
only low pressures are possible in the interiör of the famace of glowing 
oombustible. The temperature of the air is also raised during com- 
bustion, and therefore the combustion curve does not approach an 
isothermal, bnt is rather a line of constant pressure with rising tem- 
perature. Again, the weight of air used in proportion to the weight of 
the combustible is, according to our theory, incorrect. In a closed fumaoe 
every particle of air combines with the fuel in a state of combustion, and 
therefore very little more air than the theoretical quantity necessary is 
present. The gases of combustion contain praotioally no excess of air to 
act as a vehicle for the heat. Hence the contrary process to that pre- 
scribed by theory takes place, and it is not surprising that these engines 
do not utilise the heat received any better than steam engines, even if 
one of the principal drawbacks, open fires, is abolished. 

IV. Gas and Petroleum Motors. 

We have already seen, that if the air and the fael are previously 
mixed, it is impossible to obtain very high compression, as ignition 
intervenes, and prevents the process from being carried out in accordance 
with theory. Another result of mixing air and fuel, is that combustion 
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takes plaoe suddenly, and is left to itselt Thus the proportionB of the 
YolTimes and pressures are theoretically inaccnrate, and the great rise in 
temperature (of combnstion) necessitates considerable oooling of ihe 
cylinder. To mix the gas and air has this farther disadvantage, that it 
is impofisible to nse the qnantities of air necessary to take np the heat of 
the combustible, becanse ignition cannot take place with very dilnted 
mixtnres. 

In gas engines combnstion is not, acoording to our theory, rightly 
carried ont. The process is better than that in air engines, because 
slightly higher compression can be nsed, and a greater weight of air, but 
neither to the full extent reqnired. If, therefore, the best gas engines 
give a much higher ef&ciency than steam, or abont 20 per cent. actnal 
utilisation of heat, this result can hardly be ascribed to a better regolated 
combnstion, bnt, we think, chiefly to the absence of open gråtes. Even in 
engines which compress the mixtnre of gas and air to the point of sponta- 
neous ignition, the actnal combnstion is left to itself, and thns prodnces 
a considerable increcuse of temperatnre, which is one of the principal 
canses of heat losses. 

Motors in which air is compressed, and the combnstible qnickly 
injected towards the end of compression, and simultaneously ignited, 
show in the same way an increase of pressnre, with a considerable 
increase of temperature, which, according to our theory, should be 
avoided. Here the maximum temperature is produced, not by com- 
pression, but by combnstion. The cycles in these engines oontradict 
conditions 1 and 2 (p. 82), and practically also condition 3 of our theory, 
as the cylinders must be cooled. 

There is another class of gas engines, in which the inflammable 
mixture is compressed into a separate receiver. From thence it is 
forced at oonstant pressnre into the working cylinder, passing a fiame 
on its way which ignites it, and the gases expand to atmospheric pressnre. 
It seems as if the gradual combnstion thus obtained presented some 
analogy to our second condition, but the similarity is only apparent. 
This working cycle satisfies neither condition 2, nor the other conditions 
laid down as essential to rational combnstion. In the first place, there 
is a mixture of air and combustible present, which ronders it impossible 
to produce the reqnired temperature by compression, and therefore this 
primary condition is not fulfilled. Further, even if combnstion takes 
place gradually instead of suddenly, the temperature rises rapidly, and 
thus condition 2 is not reali^ed. Lastly, the qnantities of air used are, 
as before, much smaller than they should be, otherwise the oharge would 
not ignite, and condition 3 is thus infringed. This process has no 
analogy with the gradual introduction of the combustible) at oonstant 
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temperature, into air heated to the maximnm temperatnre by oom- 
pressioD, as in our case. It is, in faot, similar to that of air engines 
with closed fires, in which a mixture of air and combnstible is bumt 
at constant pressnre. The quantity of air is, however, greater, and 
combnstion takes place in tbe cylinder itself, instead of in a separate 
famace. These are, of conrse, important improvements as compared 
with air engines, but they do not modify the cycle, and there is no 
approach to a rational combnstion, regulated in the way here described. 

V. Eegenerators and other Means of IJTiLisiNa Waste Heat. 

Eegenerators have been proposed and applied to the varions types 
of engines we have considered. At pp. 25 et seq, it was shown that 
there is no advantage in adding a regenerator to heat motors. If the 
heat in the jacket water be ntilised to produce steam, the steam being 
used either alone or with the gases of combnstion to give work, the 
ad vantages are too small to compensate for the rather complicated 
meohanism reqnired. 

All these considerations prove that none of our existing heat motors 
realise^ even approximately, the conditions of rational combnstion in 
their cycle. We may therefore reasonably hope that the new motor 
will give the economy of combustible claimed for it, as it is based on 
the principles of the perfect Camot cycle. 



[NoTE BY THE TRANSLATOR, April 1894. — ^A vcrtical single-acting 
single-cylinder 4-cycle Diesel motor, mnning at 300 revolations, withont 
jacket cooling, and indicating about 15 H.P., is now being tested in 
Germany. The fuel is pnlverised petrolenm, and the air is compressed 
to 90 atmospheres. The trials of this engine, with a good brake, will 
show whether the new motor rectlises the theoretical advantages set 
forth in this book, and the large reduction in fnel the anthor desires 
to obtain. The resnlts of these tests and experiments in competent 
hands will be looked forward to with great interest by the profession, as 
a new development of intemal combnstion motors.] 
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Analysis— Weights and Measures — Thermometers and Barometers — Chemical Physics — 
Boiling Points, etc— Solubility of Substances— Methods of Obtaining Spedfic Gravity^— Con- 
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relating to Potash, Soda, Sulphuric Add, Chiorine, Tar Products,' Petroleum, Milk, Tallow, 
Photography, Prices, Wages, Appendix, etc, etc 

Coffee Cultivation. — Coffee: its Culture and 

Commerce in all Countries. Edited by C. G. Warnford Lock, F.L.S. 
Crown 8vo, cloth, i2s, 6d, 

Concrete. — Notes on Concrete and Works in Con- 

crete; especially written to assist those engaged upon Public Works. By 
John Newman, Assoc. Mem. Inst C.E. Second edition, revised and 
enlarged, crown 8yo, cloth, ts» 

Coppersmithing. — Art of Coppersmithing : a 

Practical Treatise ou Working Sheet Copper into all Forms. By John 
FuLLER, Sen. Numerous ettgravingSj illustrating almost every branch of 
the Art. Royal 8vo, cloth, I2j. 6d. 

Corrosion. — Metallic Structures: Corrosion and 

Fouling^ and their Prevention ; a Practical Aid-Book to the safety of 
works in Iron and Steel, and of Ships ; and to the selection of Paints for 
them. By John Newman, Assoc. M. Inst. C.E. Crown 8vo, cloth, 91. 

Depreciation of Factories. — The Depreäation 

of Factories and their Valuation. By EwiNG Matheson, Mem. Inst. 
C.E. Second edition, revised, with an Intio juction by W, C. Jackson. 
8vo, cloth, ^s, 6d, 
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Drainage. — The Drainage of Fens and Low Lands 

by Gravitation and Steam Power. By W. H. Wheeler, M. Inst C.E. 
WUkplates^ 8vo, cloth, I2J. 6^. 

Drawing, — Hints on Architectural Draughtsman- 

skip. By G. W. TuxFORD Hallatt. Fcap. 8vo, cloth, is, 6ä, 

Drawing. — The Draughtsman s Handbook of Plan 

and Map Drawing; including instructions for the preparation of 
Engineering, Architectural, and Mechanical Drawings. With nutnerous 
illustrations in the text^ and 33 //a/w (i^printed in cohurs). By G. G. 
André, F.G.S., Assoc. Inst. C.E. 4to, cloth, 91. 

Drawing Instruments. — A Descriptive Treatise 

on Mathematical Drawing Instruments : their construction, uses, quali- 
ties, selection, preservation, and suggestions for improvements, wiöi hints 
upon Drawing and Colouring. By W. F. Stanlby, M.R.I. Sixth edition, 
with numerous illustrations^ crown 8vo, doth, 5/. 

Dynamo. — Dynamo- Tenders' HandrBook. By 

F. B. Badt. With 70 illustrations. Third edition, i8mo, cloth, 4r. 6^. 

Dynamo - Electric Machinery • — Dynamo - Elec- 
tric Machinery: a Text-Book for Students of Electro-Technology. By 
Silvanus P. Thompson, B.A., D.Sc. With 520 illustrations. Fifth 
edition, 8vo, cloth, 24r, • 

Earthwork Slips. — Earthwork Slips a^d Suösz- 

dences upon Public Works: Their Causes, Prevention and Reparation. 
Especially written to assist those engaged in the Construction or 
Maintenance of Railways, Docks, Canals, Waterworks, River Banks, 
Reclamation Embankments, Drainage Works, &c., &c By John 
Newman, Assoc. Mem. Inst. C.E. , Author of * Notes on Concrete,' &c. 
Crown 8vo, cloth, *js, 6d. 

Electric Lighting. — Electric Ligkting: a Practical 

Exposition of the Art^ for the use of Engineers, Students, and others 
interested in the Installation and Operation of Electrical Plant. Vol. I. 
The Generating Plant. By Francis B. Crocker, E.M., Ph.D., Pro- 
fessor of Electrical Engineering in Columbia University, New York. 
With 152 illustrations, 8vo. cloth, I2j. (>d, 

Electric Bells. — Electric Bell Construction: a 

treatise on the construction of Electric Bells, Indicators, and similar 
apparatus. By F. C. Allsop, Author of * Practical Electric Bell Fitting.» 
Wtth 177 illustrations drawn to scale, crown 8vo, doth, 3*. 6d. 
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Electric Bells. — A Practical Treatise on ike 

fiiting up and maintenance of Electric Bells and all the necessary apparaius. 
By F. C. Allsop, Author of * Telephones, their Construction and Fitting.' 
Sixth edition, revised. With i8o illustrations^ crown 8vo, cloth, y. 6d, 

Electric Currents. — Polyphase Electric Currents 

and AWrnate Current Motors. By SiLVANUS P. Thompson, B.A., 
D.Sc.,M.Inst.E.E., F.R.S. With \^\ illustrations,^ demy 8vo, cloth, 
"^J: iis.ed. 

Electric Telegraph. — Telegraphic Connections, 

embracing recent methods in Quadruplex Telegraphy. By Charles 
Thom and Willis H. Jones, WUk illustrations, Oblong 8vo, cloth, 

Electric Testing. — A Guide for the Electric Test- 
ing of Ttlegrapk Cables, By CoL V. HosKiCER, Royal Danish Engineers. 
Third edition, crown 8vo, cloth, 4J. 6d, 

Electric Toys. — Electric Toys. Electric Toy- 

Making, Dynamo Building and Electric Motor Construction for 
Amateurs. By T. 0'CoNOR Sloane, Ph.D. With cuts, crown 8vo, 
cloth, 4J. 6d. 

Electrical Notes. — Practical Electrical Notes and 

Definitions for the use of Engineering Students and Practical Men. By 
W. Perren Maycock, Assoc. M. Inst. E.E., Instructor in Electrical 
Engineering at the Pitlake Institute, Croydon, together with the Kules 
and Regulations to be observed in Electrical Installation Work. Second 
edition. Royal 32mo, cloth, red edges, 2s, 

Electrical Tables. — Electrical Tables and Memch 

randa. By Silvanus P. Thompson, D.Sc, B. A., F.R.S., and Eustace 
Thomas. In waistcoat-pocket size (2j in, by i| jn.), French morocco, 
gilt edges, with numerous illustrations^ is. 

Electricity. — The Arithmetic of Electricity ; 

Manual of Electrical Calculations by Arithmetical Methods. By 
T. 0'CoNOR Sloane, Ph.D. Crown 8vo, cloth, 4^. dd. 

Electrical Testing. — A Practical Guide to the 

Testing of Insulated Wires and Cables. By Herbert Laws Webb, 
Member of the American Institute of Electrical Engineers, and of the 
Institution of Electrical Engineers, London. Crown Ivo, cloth, 4J. td. 
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Electrical Testing. — A Handbook of Electrical 

Testing. By H. R. Kempe, M.I.E.E, Fourth edition, revised and 
enlaxged, 8vo, cloth, i8j. 

Electricity. — Electricity, its TheoTy, Sources, and 

Applications, By John T. Sprague, M. InstE.E. Third edition, 
thoroughly revised and extended, with numerous illustrations and iables^ 
crownSvo, cloth, 15J. 

Electricity in the House. — Domestic Electricity 

for Amateurs. Translated from the French of E. Hospitalier, Editor 
of *L'Electricien,' by C. J. Wharton, M. Inst. E.E. Numerous 
illustrations, Demy 8vo, doth, dr. 

CONTENTS : 
I. Productionof the Electric Current— a. Electric Bells— 3. Autoiqatic Alarms — 4. Domestic 
Telephones— s. Electric Clocks— 6. Electric Lighters— 7. Domestic Electric Lighting— 
8. Domestic Application of the Electric Light— 9. Electric Motors— 10. Electrical Locomo- 
tion— II. Electrotyping, Plating, and Gilding— Z3. Electric Recreations— 13. Various appli- 
cations — ^Workshop of the Electrician. 

Electricity on Railways. — The Application of 

Electricity to Raihvay Working, By W. E. Langdon, M. Inst. E.E. , 
Superintendent Electrical Department, Midland Railway. With 142 
illustrations. 8vo, cloth, ioj. dd. 

Electro-Magnet.- The Electro-Magnet and Electro- 

tnagnetic Mechanism. By SiLVANUS P. THOMPSON, D.Sc, F.R.S. 
With 213 illustrations. Second edition, 8vo, cloth, 15J. 

Electro-Motors. — Notes on design of Small Dy- 

namo. By Geo. Halliday, Whitworth Scholar, Professor of Engineer- 
ing at the Hartley Institute, Southampton. Plates, 8vo, cloth, 2j. 6d, 

Electro-Motors. — The practical management of 

Dynamos and Motors. By Francis B. Crocker, Professor of Electrical 
Engineering, Columbia College, New York, and Schuyler S. Wheeler, 
D.Sc. CutSy crown 8vo, cloth, 4^. 6d. 

Engineering Drawing. — Practical Geometry, 

Ferspective and Engineering Drawing; a Course of Descriptive Geometry 
adapted to the Requirements of the Engineering Draughtsman, including 
the determination of cast shadows and Isometric Projection, each chapter 
being followed by numerous examples ; to which are added rules for 
Shading, Shade-lining, etc, together with practical instructions as to the 
Lining, Colouring, Printing, and general treatment of Engineering Draw- 
ings, with a chapter on drawing Instruments. By George S. Clarks, 
Capt R.£. Second edition, with 21 plates. 2 vols., cloth, lOs. 6d, 
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Engineers' Tables. — A Pocket-Book of Useful 

Formula and Memoranda for Civil and Mechanical Engineers, By Sfr 
GuiLFORD L. MoLESWORTH, Mem. Inst. C.E., and R. B. Molesworth. 
With numerous illustrations^ 782 pp. Twenty-third edition, 32mo, 
roan, 6j. synopsis of contents : 

Surveying, LeveHing, etc. — Strength and Weight of Materials— Earthwork, Brickwork» 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses— Floonng, Roofing, and Root 
Trusses--Girders, Bridges, etc— Railways and Roads — Hydraulic Formula»— Canals. Sewers, 
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Engineers' Tables. — Spöns Tables and Memo- 

randa for Engineers, By J. T. HuRST, C.E. Twelfth edition, revised and 
considerably enlarged, in waistcoat-pocket size (2} in. by 2 in.), roan,. 
gilt edges, is, 

Experimental Science. — Experimental Science: 

Élementary, Practical, and Experimental Physics. By Geo. M. HoPKtNS. 
Illustrated by 890 engravings, 840 pp., 8vo, cloth, l6s, 

Factories. — Our Factories, WorkshopSy and Ware- 

' houses: their Sanitary and Fire-Resisting Arrangements. By B. H. 
Thwaite, Assoc Mem. Inst C.E. With 183 wood engravings^ crown 
8vo, cloth, 9J. 

Fermentation. — Practical Studies in Fermentation^ 

being contributions to the Life History of Micro-Organisms. By Emtb. 
Ch. Hansen, Ph.D, Translated by Alex. K. Miller, Ph.D., 
Manchester, and revised by the Author, With numerous illustration Sy 
8vo, cloth, I2s. 6d. 

Foundations. — Notes on Cylinder Bridge Piers 

and the Well System of Foundations, By JOHN Newman, Assoc. M. 
Inst. C.E., 8vo, cloth, 6j. 

Founding. — A Practical Treatise on Casting and 

Foundingy including descriptions of the modem machinery employed in 
the art. By N. E. Spretson, Engineer. Fifth edition, with 82 plates 
drawn to scale, 412 pp., demy 8vo, cloth, i8j. 

French Polishing. — The French - Polisher's 

Manual, By a French- Polisher; containing Timber Staining, Washing, 
Matching, Improving, Painting, Imitations, Directions for Staining, 
Sizing, Embodying, Smoothing, Spirit Vamishing, French-Polishing, 
Directions for Repolishing. Third edition, royal 32mo, sewed, dd. 
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Construction of Regenerator Furnaces^ being an Explanatory Trealise ön 
the System of Gaseous Firing applicable to Retort Settings in Gas Works. 
By Maurice Graham, Assoc. Mem. Inst. CE. Cuts^ 8vo, cloth, 3^. 

Gas Analysis. — The Gas Engineers Laboratory 

Handbook. By JOHN Hornby, F.I.C, Pionours Medallist in Gas 
Manipulation, City and Guilds of London Institute. Numer ous illus' 
trations^ crown 8vo, cloth, 6j. 

CONTENTS : 
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Desiccation — Solution and Evaporation — Precipitation — Filtration and Treatment of 
Precipitates — Simple Gravimetric Estimations — Volumetric Analyses — Special Analyses 
required by Gas Works— Technical Gas Analysis — Gas Referees' Instructions, etc etc. 

Gas and Oil Engines. — Gas, Gasoline and Oil 

Vapour Engines : a New Book Descriptive of their Theory and Power,, 
illustrating their Design, Construction and Operation for Stationary^ 
Manne and Vehicle Motive Power. Designed for the general informa- 
tion of every one interested in this new and populär Prime Mover. By 
G. D, Hiscox, M.E. Numerous engravtngs^ 8vo, cloth, 12^. dd. 

Gas Engines. — A Practical Handbook on the 

c are and Management of Gas Engines. By G. LiECKFELD, C.E. 
Authorised Translation by G. Richmond, M.E. With instructions for 
running Oil Engines. i6mo, cloth, 3^. dd. 

Gas Engineering. — Manual for Gas Engineering 

Students. By D. Lee. i8mo, cloth, ij. 

Gas Works. — Gas Works: their Arrangement, 

Construction, Plant, and Machinery. By F. Colyer, M. Inst. C.E. 
With Z\ folding plates^ 8vo, cloth, I2j. (id, 

Gold Mining. — Practical Gold-Mining : a Com- 

prehensive Treatise on the Origin and Occurrence of Gold-bearing Gravels, 
Rocks and Öres, and the Methods by which the Gold is extracted. By 
C. G. Warnford Lock, co-Author of * Gold : its Occurrence and Extrac- 
tion.* IVitA 8 plates and 275 mgravings in the text^ 788 pp., royal 8vo, 
cloth, 2/. 2J. 

Graphic Statics. — The Elements of GraphicStatics. 

By Professor Karl Von Ott, translated from the German by G. S 
Clarks, Capt. R.E., Instructor in Mechanical Drawing, Royal Indian 
Engineering College. With 93 illustrations^ crown 8vo, doth, 5j. 

Graphic Statics. — The Principles of Graphic 

Statics, By George Sydenham Clarke, Capt. Royal Engineers. 
With 112 illustrations. Third edition, 4to, cloth, I2s. 6d, 
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Graphic Statics. — A New Method of Graphic 

Statics, applied in the constniction of Wrought-Iron Girders, practically 
illustrated by a series of Working Drawings of modem type. By 
Edmund Öländer, of the Great Western Railway, Assoc. Mem. Inst. 
C.E. Smallfolio, cloth, iar.'6</. 

Heat Engine. — Theory and Construction of a 

KationalHeat Motor, Translated from the German of Rudolf Diesel by 
Bryan Donkin, Mem. Inst. C.E. Nunurous cuts andplates^ 8vo, cloth, dr. 

Hot Water. — Hot Water Supply : a Practical 

Treatise upon the Fitting of Circulating Apparatus in connection wuh 
Kitchen Range and other Boilers, to supply Hot Water for Domestic and 
General Purposes. With a Chapter upon Estimating. By F. Dye. 
With illustrations^ crown 8vo, cloth, 3J. 

Hot Water. — Hot Water Apparatus: an Ele- 

mentary Guide for the Fitting and Fixing of Boilers and Apparatus for 
•the Circulation of Hot Water for Heating and for Domestic Supply, and 
containing a Chapter upon Boilers and Fittings for Steam Cooking. By 
F. Dye. 32 illustrations, fcap. 8vo, cloth, is. 6ä, 

Household Manual. — Spöns' Household Manual : 

a Treasury of Domestic Receipts and Guide for Home Management 
Demy 8vo, cloth, containing 975 pages and 250 illustrations , price yj. dd, 
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Hints for selecting a good House — Sanitation — Water Supply — ^Ventilation and Warming 
— Lighting — Fumiture and Decoration — Thicves and Fire— The Larder — Curing Foods for 
lenethened Preservation— The Dairy— The CcUar— The Pantry— The Kitchen— Receipts for 
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Laundry— The School-Room— The Playground— The Work- Room— The Library^The 
Garden — ^The Farmyard — Small Motors — Household Law. 

House Hunting. — Practical Hints on Taking a 

House. By H. Percy Boulnois, Mem. Inst. C.E., City Engineer, 
Liverpool, Author of *The Municipal and Sanitary Engineer's Hand- 
book,* * Dirty Dustbins and Sloppy Streets,' &c. i8mo, cloth, u. 6d. 

Hydraulics. — Simple Hydraulic FormulcB. By 

T. W. Stone, C.E., late Resident District Engineer, Victoria Water 
Supply. Crown 8vo, cloth, \s. 

Hydraulic yLdLchin^vy.— Hydraulic Steam and 

Hand-Power Lijting and Pressing Machinery. By Frederick Colyer, 
M. Inst C.E., M. Inst. M.E. Second edition, revised and enlarged. With 
88 platts, 8vo, cloth, 28^. 

Hydraulic Machinery. — Hydraulic Machinery. 

With an Introduction to Hydraulics. By Robert Gordon Blatne, 
Assoc. M. Inst. C.E., &c. With 272 illustrations, 383 pp. 8vo, cloth, 14?. 
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By Philip R. Björling, With 206 illustrations^ crown 8vo, cloth, 9^. 

CONTENTS : 
X. Introduction — s. Hydraulics relating to Water Motors— 3. Water-wheels— 4. Breast 
Water-wheels — 5. Overshot and High-breast Water-wheels — 6. Pelton Water-wheels — 7. 
G«neral Remarks on Water-wheels — 8. Turbines— 9. Outward-flow Turbines — 10. Inward- 
flow Turbines — n. Mixed-flow Turbines — 12. Parallel-flow Turbines — 13. Circumferential- 
flow Turbines — 14. Regulation of Turbines — 15. Details of Turbines — 16. Water-pressure or 
Hydraulic Engines— 17. Recii>rocating Water-pressnre Engines— x8. R9tative Water- 
pressure Engines — 10. Oscillating Water-pressure Engines — 20. Rotary Water-pressure 
Engines — 21. General Remarks and Rules for Water-pressure Engines — 22. Hydraulic Rams 
— 23. Hydraulic Rams without Air Vessel in Direct Communication with the Drive Pipe — 
24. Hydraulic Rams with Air Vessel in Direct Communication with the Drive Fipe — 25. 
Hydraulic Pumping Rams — 26. Hydraulic Ram Engines — 27. Details of Hydraulic Rams — 
38. Rules, Formulas, and Tables for Hydraulic Rams — 29. Measuring Water in a Stream ' 
and över a Weir^Index. 

Hydropathic Establishments. — The Hydro- 

pathic Establishment and tis Baths, By R. O. Allsop, Architect. 
Author of * The Turkish Bath.* Illusirated with plates and sections^ 8vo, 

cloth, 5j. CONTENTS : 

General Considerations — Requirements of the Hydropathic Establishment — Some existing 
Institutions — Baths and Treatments and the arrangement of the Bath-House — ^Vapour Baths 
and the Russian Bath — The Douche Room and its appliances — Massage and Electrical 
Treatment — Pulverisation and the Mont Dore Cure — Innalation and the Pine Cure — ^The 
Sun Bath. 

Ice Making. — Tkeoretical and Practical Ammonia 

Refrigeration^ a work of Reference for Engineers and others employed in 
the management of Ice and Refrigeration Machinery. By Iltyd L. 
Redwood, As«oc. Mem. Am. Soc. of M.E., Mem. Soc. Chemical Indus- 
try. With 2$ pages of tables, Square i6mo, cloth, 4J. 6d, 

Indicator. — Twenty Years with the Indicator. By 

Thomas Pray, Jun., C.E., M.E., Member of the American Society of 
Civil Engineers. With illustrations^ royal 8vo, cloth, \os, öaT. 

Indicator. — A Treatise on the Richards Steam- 

Engine Indicator and the Development and Application of Force in the 
Steam- Engine. By Charles T. Porter. With illustrations. Fourth 
edition, revised and enlarged, 8vo, cloth, 91. 

Induction Coils. — Indvction Coils and Coil 

Making : a Treatise on the Construction and Working of Shock, Medical 
and Spark Coils. By F. C. Allsop. Scond edition, with 125 illustra- 
tions, crown 8vo, cloth, 3^. 6d. 

Iron. — The Meckanical and other Properties of Iron 

and Steel in connection with their Chemical Composition. By A. Vosmaer, 
Engineer. Crown 8vo, cloth, 6s. 

CONTENTS : 
The metallurgical behaviour of Carbon with Iron and Steel, also Manganese— Silicon — 
Pbosphorus — Sulphur — Coppcr— Chromium — Titanium — Tungsten — Alufninium— Nickel — 
Cobalt— Arsenic — ^Analyses of Iron ^nd Steel, &c. 
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Iron Manufacture. — RolUTtirning for Sectians in 

Steel and Iron, working drawings for Rails, Sleepers, Girders, Bulbs, 
Ties, Angles, &c., also Blooming and Cogging for Plates and Billets. 
By Adam Spencer. Second edition, wiih 78 large plates. Illustrations 
of nearly every class of work in this Industry, 4to, cloth, i/. lOj. 

Locomotive. — The Constructio7t of the Modem 

Locomotive. By George Hughes, Assistant in the Chief Mechanical 
Engineer^s Department, Lancashire and Yorkshire Railway. Nunierous 
engravingSy 8vo, cloth, gj. 

CONTENTS : 
The Boiler— The Fouadry—the Use of Steel Castings— Brass Foundry— The Forge— 
Smithy, including Springs— Coppersmiths' Work — The Machine Shop — Erecting. 

Lime and Cement. — A Manual of Lime and 

Cement^ their treatment and use in construction. By A. H. Heath. 
Crown 8vo, cloth, 6j. 

Liquid Fuel. — Liquid Fuel for Mechanical and 

Industriel Purpoies. Compiled by E. A. Brayley Hodgetts. With 
wood engravings, 8vo, cloth, 5j. 

Machinery Repairs, — The Repair and Mainlen- 

ance of Machinery ; a Handbook of Practical Notes and Memoranda for 
Engineers and Machinery Users. By T. W. Barber, C.E., M.E., 
Author of * The Engineers* Sketch Book.' With about 400 illustrations y 
8vo, cloth, lOJ. 6</. 

Mechanical Engineering. — Handbook for Me- 
chanical Engineers, By Henry Adams, Professor of Engineering at 
the City of London College, Mem. Inst C.E., Mem. Inst. M.E., &c. 
Fourth edition, revised and enlarged. Crown 8vo, cloth, 7j. dd, 

CONTENTS : 
Fundamental Principles or Mechanics — ^Varieties and Properties of Materials — Strength 
of Matcriak and Structures — Pattern Making — Moulding and Founding— Forging, Welding 
and Riveting— Workshop Tools and General Machinery — ^Transmission of Power, Friction 
and Lubrication— Thermodynamics and Steam — Steam Boilers — ^The Steam Engine — Hy- 
dxanlic Machinery— Electrical Engineering — Sundry Notes and Tables. 

Mechanical Engineering. — The Mechanician : 

aTreatise-on the Construction and Manipulation of Tools, for the use and 
instruction of Young Engineers and Scientific Amateurs, comprising the 
Arts of Blacksmithing and Forging ; the Construction and Manufacture 
of Hand Tools, and the various Methods of Using and Grinding them ; 
description of Hand and Machine Processes ; Tuming and Screw Cutting. 
By Cameron Knight, Engineer. Containing 1147 illustrations^ and 
397 P&ges of letter-press. Fourth edition, 4to, cloth, i&r. 
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Mechanical Movements. — The Engineers^ Sketch- 
Book of Mechanicai Movemenu^ Devkes^ AppUances^ Contrivances^ Details 
employed in the Design and ConstrucHon of Machinery for every purpose, 
Collected from numerous Sources and from Actual Work. Classified and 
Arranged for Reference. With 2600 Illustrations, By T. W. Barber, 
Engineer. Third edition, 8vo, cloth, ioj. 6</. 

Metal Plate V^orVi.—Metal Plate Work: its 

Patterns and their Geometry. Also Notes on Metals and Rules in Men- 
suration for the use of Tin, Iron, and Zinc Plate-workers, Coppersmiths, 
Boiler-makers and Plumbers. By C. T. Millis, M.I.M.E. Second 
edition, considerably enlarged. With numerous illustrations. Crown 
8vo, cloth, 9J. 

Metrical Tshl^s.—Metrical Tables. By Sir G. L. 

MOLESWORTH, M.I.C.E. 32mo, cloth, u. td. 

Mill-Gearing. — A Practical Treatise on Mill-Gear- 

ingf WTuelsy Skafts, Riggers, etc. ; for the use of Engineers. By Thomas 
Box. Third edition, tvitk 1 1 plates. Crown 8vo, cloth, yj. 6d. 

Mill - Gearing, — The Practical MillTvright and 

Engineer* s Ready Reckoner; or Tables for finding the diameter and power 
of cog-wheels, diameter, weight, and power of shafts, diameter and 
strength of bolts, etc By Thomas Dixon. Fourth edition, i2mo, 
cloth, y. 

Mineral Oils. — A Practical Treatise on Mineral 

Oils and tkeir By- Products, including a Short History of the Scotch Shale 
Oil Industry, the Geological and Geographical Distribution of Scotch 
Shales, Recovery of Acid and Soda used in Oil Refining, and a list of 
Patents relating to Mineral Oils. By Iltyd I. Redwood, Mem. Soc. 
Chemical Industry. Svo, cloth, 15J. 

Miners' Pocket-Book. — Miners' Pocket-Book ; a 

Reference Book for Miners, Mine Surveyors, Geologists, Mineralogists, 
Millmen, Assayers, Metallurgists, and Metal Merchants all över the 
world. By C. G. Warnford Lock, author of * Practical Gold Mining,' 
* Mining and Ore-Dresslng Machinery,* &c Second edition, fcap. 8vo, 
roan, gilt edges, izr. dd. 

CONTENTS : 

Motive Power— Dams and Reservoirs — Transmitting Power— Weights and Measures— 
Prospecting — Boring — Drilling— Blasting— Explosives — Shaft Sinking — Pumping— Vcnti- 
lating— Lighting— Coal Cutting— Hauling and Hoisting— Watcr Softening— Stamp Batteries 
— Crushing RolU— Jordan's Centrifugal Process — River Mining — Ore Oressing— Gold, Silver 
Copper Smelting— Treatment of Öres — Coal Cleaning — Mine Surveying — British Rodcs— 
Geological Maps— Mineral Veins — Mining Methods — Coal Seams— Minerals— Precious 
Stones — Metals and MetalUc Öres— Metamferous Minerals— Assayine—Glossarv—LLst nf 
Useful Books-Index, &c.&c.,&c ^ ^ ^*^' °* 



14 CATALOGUE OF SCIENTIFIC BOOKS 

Mining and Ore-Dressing Machinefy. — By 

c. G. Warnford Lock, Author of * Practical Gold Minuig.* Numerotu 
illustrationSf super-royal 4to, cloth, 25^. 

Mining. — Economic Mining; a Practical Hand- 
book for the Miner, the Metallurgist, and the Merchant. By C. G- 
Warnford Lock, Mem. Inst. of Mining and Metallurgy, Author of 
'Practical Gold Mining.* With illustrations y 8vo, cloth, 2IJ. 

Municipal Engineering. — The Municipal and 

Sanitary Engineer^s Handbock. By H. Percy Boulnois, Mem. Inst. 
C.E., Borough Engineer, Portsmouth. With numerom illustrations, 
Second edition, demy 8vo, cloth, 15^*. 



CONTENTS : 



TheAp 



le Appointment and Duties of the Town Surveyor — ^Traffic— Macadamised Roadwaya-* 
Steam Rolling— Road Metaland Breakiug— PitchedPavements— Asphalte— Wood Pavements 
— Footpaths — Kerbs and Gutters — Street Naming and Numbering— Street L^hting — Scwer- 
age — ^Ventilation of Sewers— Disposal of Sewa^e — House Drainage— Disinfection— <yas and 
Water Companies, etc, Breaking up Streets — Improvement of Private Streets — Borrowing 
Powers — Artizans' and Labourers' Dwellings-— Public Conveniences — Scavenging, induding 
Street Cleansing — Watering and the Removing of Snow— Planting Street Trees — Deposit oi 
Plans — Dangerous Buildings — Hoardings — Obstructions^-Improving Street Lines — Cellar 
Openings — Public Pleasure Grounds — Cemeteries — Mortuaries — CattTe and Ordinary Märkets 
—Public Slaughter-houses, etc— Giving numerous Forms of Notices, Spedfications, and 
General Information upon these and other subjects of great importance to Municipal £ngi- 
neers and others engaged in Sanitary Work. 

Paints. — Pigments^ Paint and Painting. A 

Practical Book for Practical Men. By George Terry. With illus- 
trati-onsy crown 8vo, cloth, ^s, 6d, 

Paper Manufacture. — A Text-Book of Paper- 

Making. By C. F. Cross and E. J. Bevan. With mgravings, crown 
8vo, cloth, I2J. 6^. 

Perfumery. — Perfumes and their Preparation^ 

containing complete directions for making Handkerchief Perfumes, 
Smelling Salts, Sachets, Fumigating Pastils, Preparations for the care of 
the Skin, the Mouth, the Hair, and other Toilet artides, with a detailed 
description of aromatic substances, their nature, tests of purity, and 
Wholesale manufacture. By G. W. ASKINSON, Dr. Chem. With 32 
engravingSf 8vo, cloth, I2s, 6d, 

Perspective. — Perspective^ Explained and Illus- 

trated. By G. S. Clarke, Capt. R.E. With illustrations^ 8vo, cloth, 
3^. 6d, 

Phonograph. — T/te Phonography and How to Con- 

structit. With a Chapter on Sound. By W, Gillett. With engravings 
and full working drawings, crown 8vo, cloth, 5^. 
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Populär Engineering. — Populär Engineeringy 

being interesting and instructvue examples in Civily Mechanical, EUctricaly 
Chemical^ Mining^ Military and Naval Engineering, graphically and 
plainly described, and specially written for those about to enter the 
Engineering Profession and the Scientific Amateur, with chapters on 
Perpetual Motion and Engineering Schools and Colleges. By F. Dye. 
With 700 illustralionSf crown 4to, cloth, *js, 6d, 

Plumbing. — Plumbing, Drainage, Water Supply 

and Hot Water Fitting. By John Smeaton, C.E., M.S.A., R.P., 
Examiner to the Worshipful Plumbers* Company. Numerous engravings, 
8vo, cloth, ^s. 6d, 

Pumping Engines. — Practical Handbook on 

Direct-acting Pumping Engine and Steam Pump Construction, By 
Philip R. Björling. With 20 plates, crown 8vo, cloth, 5J. 

Pumps. — A Practical Handbook on Pump Con- 

struction. By Philip R. Björling. Flates^ crown 8vo, cloth, 5J. 

CONTENTS : 
Prindple of the action of a Pump— Classificsition of Pumps— Description of various 
classes of Pumps — Remarks on designing Pumps — Materials Pumps should be made of for 
different kinds of Liquids — Description of various classes of Pump^valves — Materials Pump- 
valves should be made of for diflferent kinds of Liquids — Various Classes of Pumjj-buckets— 
On designing Pump-buckeLs — Various Classes of Pump-pistons — Cup-Ieathers— Air-vesscls — 
Rules and Formulas, &c.« &c. 

Pumps. — Pump Details. With 278 illustrations. 

By Philip R. Björling, author of a Practical Handbook on Pump 
Construction. Crown 8vo, cloth, yj. 6^. 

CONTENTS : 
Windbores — ^Foot-valves and Strainers — Clack-pieces, Bucket-door-pieces, and Hl^eces 
Working-barrels and Plunger-cascs — ^Plungers or Rams — Piston and Flunger, Bucket and 
Plunger, Budcets and Valves — Pump-rods and Spears, Spear-rod Guides, &c.— Valve-swords, 
Spindles, and Draw-hooka— ;5et-offs or Off-sets — Pipes, Pipe-joints, and Pipe-stays — Pump- 
slings — Guide*rods and Guides, Kites, Yokes, and ^nnecting-rods— L Bobs, T Bobs, 
Angle or V Bobs, and Balance-beams, Rock-arms, and Tend-off Beams, Cistern^ and Tanks 
—Minor Details. 

Pumps. — Pumps and Pumping Machinery. By 

F. COLYER, Mem. Inst. C.E., Mem. Inst. M.E. Part I., second edition, 
revised and enlarged, with 50 plates^ 8vo, cloth, i/. &f. 

CONTENTS : 
Three-throw Lift and Well Pumps— Tonkin's Patent "Comish" Steam Pump— Thome- 
will and Warham*s Steam Pump— Water Valves — ^Water Meters — Centrifugal Pumping 
Machinery — Airy and Anderson's Spiral Pumps— Blowing Engines — Air O)mpressors — 
Horizontal High-pressure Engines — Horizoutal Compound Engines— Reidler Engine — Ver* 
tical Compound Pumping Engines — Compound Beam Pumping Engines — Shonheyder's 
Patent Regulator — Cornish Beam Engines — Worthineton High-^uty Pumping Engine — 
Davy's Patent Differential Pumping Engine — ^Tonkin's Fatent Pumping Engine— Lancashire 
Boiiex— Babcock and Wilcox Water-tube Boilers. 
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Pumps. — PumpSy Historically, Theoreticallyy and 

Practically Considered, By P. R. BjöRLlNG. IVith 156 illustrations, 
Crown 8vo, cloth, yj. 6d, 

Quantities. — A Complete Set ofContract Documents 

for a Country Lodgi^ comprising Drawings, Specifications» Dimensions 
(for quantities), Abstracts, Bill of Quantities, Form of Tender and Con- 
tract, with Notes by J. Leaning, printed in facsimile of the original 
documents, on single sheets fcap., in linen case, 5/. 

Quantity Surveying. — Quantity Surveying. By 

J. Leaning. With 68 illustrations. Third edition, revised, demy 8vo, 
cloth, 15J. 



CONTENTS ! 



A complete Explanation of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming. 
Credits, with various Exsunples ofTreatment. 
Abbreviations. 
Squaring the Dimensions. 
Abstracting, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 

Do. Bill of Credits. 

Do. Bill for Altemative Estimate. 
Restorations and Repairs, and Form of BilL 
Variations before Acceptance of Tender. 
Errors in a Builder^s Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form Of a Bill of Variations. 

Remarks on Spedfications. 

Prices and Valuation of Work, with 

Examples and Remarks upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the OId Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Sodety 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of" Taking Off" in each Trade. 
Remarks on t^e Fast and Present Methods 

of Estimating. 



Railway Curves. — Tables for Setting out Curves 

for Railwaysy Canals, Roads, etc, varying from a radius of five chains 
to three miles. By A. Kennedy and R. W. Hackwood. Illustrated, 
32mo, cloth, 2s. 6d, 

Roads. — Tke Maintenance of Macadamised Roads. 

By T. CODRINGTON, M.I.C.E., F.G.S., General Superintendent of 
County Roads for South Wales. Second edition, 8vo, cloth, *is, 6d. 

Scamping Tricks. — Scamping Tricks and Odd 

Knowledge occasionally practised upon Public Works, chronicled from the 
confessions of some old Practitioners. B/ John Newman, Assoc. M. 
Inst. C.E., author of * Earthwork Slips and Subsidences upon Public 
Works,' * Notes on Concrete,* &c. Crown 8vo, cloth, %s. 6d, 

Screw Cutting. — Tumers Handbook on Screw 

Cutting, Coningy etc, etc, with Tables, Examples, Gauges, and 
Formulse. By Walter Price. Fcap. 8vo, cloth, is. 
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Screw Cutting. — Screw Cutting Tables for En- 
gineers and Machinists, giving the values of the different^ trains of Wheels 
required to produce Screws of any pitch, calculated by Lord Lindsay. 
Oblong, cloth, 2s. 

Screw Cutting. — Screw Cutting Tables, for the 

use of Mechanical Engineers, showing the proper arrangement of Wheels 
for cutting the Threads of Screws of any required pitch, with a Table for 
making the Universal Gas-pipe Threads and Taps. By W. A. Martin, 
Engineer. Second edition, oblong, cloth, is, 

Sewerage. — Sewerage and Sewage DisposaL By 

Henry Robinson, Metn. Inst. C.E., F.G.S., Professor of Civil 
Engineering, King's College, London, &c., with large folding plate. 
Demy 8vo, cloth, I2j. dd, 

Slide Valve. — A Treatise on a Practical Method 

of Designing Slide- Valve Gears by Simple Geometrical ConstrucHon^ based 
upon the phnciples enunciated in £uclid's Elements, and comprising the 
various forms of Plain Slide- Valve and Expansion Gearing ; together with 
Stephenson's, Gooch's, and Allan's Link-Motions, as applied either to 
reversing or to variable expansion combinations. £y Edward J. Cow- 
ling Welch, Mem. Inst. M.E. Crown 8vo, cloth, 6j. 

Soap. — A Treatise on the Manufacture of Soap and 

CaftdleSf Lubrtcants and Glycerine, By W. Länt Carpenter, B.A.„ 
B. Se. With illustrations^ new edition, revised, crown 8vo, I2J. 6^, 

Stair Building. — Practical Stair Building and 

Handratling by the Square Section and Falling Line System, By W. H» 
WooD. Folding platesy post 410, cloth, lOj. td, 

Steam Boilers. — Steam Boilers^ their Manage-^ 

ment and Working on land and sea. By James Peattie. Witk 
illustrations^ crown 8vo, cloth, 5^. 

Steam Engine. — A Practical Treatise [on the 

Steam Engine^ containing Plans and Arrangements of Details for Fixed 

Steam Engines, with Essays on the Frinciples involved in Design and 

Construction. By Arthur Rigg, Engineer, Member of the Society of 

Engineers and of the Royal Institution of Great Britain. Demy 4to, 

copiously illustrated with woodcuts and 103 plates^ in one Volume. 

Second edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of the steara engine, but 

is intended to describe examples of Fixed Steam Engines withuut entering into the wide 

domain of locomotive or marine practice. To this end illustrations will be given of the most 

recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 

portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 

Great Britain and America. The laws relating to the action and precautions to be observed 

in the construction of the various details» such as Cylinders, Pistons, Piston-rods, Connecting- 
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rods, Cross-heads, Modon-blocks, Eccentrics, Simple, Expansion, Balanced, aiid Equilibrium , 
SUde-valves, and Valve-gearing will be minutely dealt with. In this connecdon will be found 
artides upon ^e Velocity of Redprocating Parts and Uie Mode of Applying the Indicator, 
Heat and Expansiofl of Steam Govemors, and the like. It is the writer^s desire to draw 
illustrations from every {Mssible source, and give only those rules that present practice decms 
correct. 

Steam Engine. — The Steam Engine considered as 

a Thermodynamk Machine^ a treatise on the Thermodynamic efficiency 
of Steam Engines, illustrated by Tables, Diagrams, and Examples from 
Practice, By Jas. H. Cotterill, M.A., F.R.S., Professor of Applied 
Mechanics in the Royal Naval College. Third edition, rcvised and 
enlarged, 8vo, cloth, 15*. 

Steam Engine. — Steam Engine Management ; a 

Treatise on the Working and Management of Steam Boilers. By F. 
CoLYER, M. Inst. C.E., Mem. Inst. M.E. New edition, i8mo, doth, 

Steam Engine. — A Treatise on Modem Steam 

Engines and Boilers^ including Land, Locomotive and Marine Engines 
and Boilers, for the use of Students. By Frederick Colyer, M. Inst. 
C.E., Mem. Inst M.E. With 2fi plaUs, 4to, cloth, I2J. 6^. 

Sugar. — Tables for the Quantitaiive Estimation of 

the Sugars, with Explanatory Notes. By Dr. Ernest Wefn ; translated, 
with additions, by William Frew, Ph.D. Crown 8vo, cloth, ds. 

Sugar. — A Handbook for P tanters and Refiners ; 

being a comprehensive Treatise on the Culture of Sugar-yielding Plants, 
and on the Manufacture, Refining, and Analysis of Cane, Palm, Maple, 
Melon, Beet, Sorghum, Milk, and Starch Sugars ; with copious 
Statistics of their Production and Commerce, and a chapter on the 
Distillation of Rum. By C. G. Warnford Lock, F.L.S., &c. ; 
B. E. R. Newlands, F.C.S., F.I.C., Mem. Council Soc. Chemical 
Industry ; and J. A. R. Newlands, F.C.S., F.I.C. Upwards of 200 
illustrations and many plateSf 8vo, cloth, i/. lar. 

Surveying. — A Practical Treatise on the Science of 

Land and Engineering Surveying^ Levelling^ Estitnating QuantOies^ etc, 
with a general description of the several Instruments required for Sur- 
veying, Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, 
revised by G. W. Usill, Assoc. Mem. Inst. C.E. 41 plates^ with illus- 
trations and tables, royal 8vo, cloth, \xs, 6d. 

Surveying and Levelling. — Surveying and 

Levelling Instruments theoreiically and practically described, for construc- 
tion, qiialities, selection, preservation, adjustments, and uses, with other 
apparatus and appliances used by Civil Engineers and Surveyors. By 
W. F. Stanley. Second edition. 350 cuts^ crown 8vo, cloth, *js, 6d^ 
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Tables of Logarithms. — A B C Five-Figure 

Lo^arithms for general use. By C. J. Woodward, B.Sc. Containine 
Mantissse of numbers to io,cxx). Log. Sines, Tangents, Cotangents, and 
Cosines to 10" of Are. Together with full explanations and simple 
exercises showing use of the tables. 4J. 

Table§ of Squares. — Barlovfs Tables of Squares, 

Cubes, Square Roots, Cube Roots^ Reciprocals ofall Integer Numbers up to 
10,000. Post Svo, cloth, 6j. 

Telephones. — Telephones, thdr Construction and 

Fiiting, By F. C. Allsop. Fourth edition, revised. With 210 illustra- 
tions» Crown 8vo, cloth, 5j. 

Tobacco Q\i\tvv2iX\on.^Tobacco Growing, Curingy 

and Manufacturing ; a Handbook for Planters in all parts of the world, 
Edited by C. G. Warnford Lock, F,L.S. With illustrations, Crown 
8vo, cloth, 7j. ööT. 

Tropical Agriculture. — Tropical Agriculture: a 

Treatise on the Culture, Preparation, Commerce and Consumption qf the 
principal Products of the Vegetable Kingdom. By P. L. Simmonds, 
F.L.S., F.R.C.I. New edition, revised and enlarged, 8vo, cloth, 2IJ. 

Turning. — The Practice of Hand Turning in Wood, 

Jvory, Shellf etc.y with Instructions for Turning such Work in Metal as 
may be required in the Practice of Turning in Wood, Ivory, etc. ; also 
an Appendix on Omamental Turning. (A book for beginners.) By 
Francis Campin. Third edition, with wood engravings^ crown 8vo, 
cloth, 3x. 6^. 

Valve Gears. — Treatise on Valve-Gears^ with 

special consideration of the Link-Motions of Locomotive Engines. By 
Dr. Gustav Zeuner, Professor of Applied Mechanics at the Confede- 
rated Polytechnikum of Zurich. Translated from the Fourth German 
Edition, by Professor J. F. Klkin, Lehigh University, Bethlehem, Pa. 
Jllustratedy 8vo, cloth, I2s, 6d, 

Varnish. — Thepractical Polish and Vamish-Maker ; 

a Treatise containing 750 practical Receipts and Formulse for the Manu- 
facture of .Polishes, Lacquers, Vamishes, and Japans of all kinds, for 
workers in Wood and Metal, and directions for using same. By H. C. 
Standage (Practical Chemist), author of *The Artisfs Manual of 
Pigments.' Crown 8vo, cloth, 6i. 
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Ventilation. — Health andComfort in House Build-- 

ing; or, Ventilation with Warm Air by Self-acting Suction Power. 
With Review of the Mode of Calculating the Draught in Hot-air Flues, 
and with some Actual Experiments by J. Drysdale, M.D., and J. W. 
Hayward, M.D. With plates and woodcuts, Third edition, with some 
New Sections, and the whole carefully revised, 8vo, cloth, 7^. dd, 

Warming and Ventilating. — A Practical 

Treatise upon Warming Buildings by Hot Water^ and upon Heat and 
Ileating Appliances in general ; with an inquiry respecting Ventilation, 
the cause and action of Draughts in Chimneys and Flues, and the laws 
relating to Combustion. By Charles Hood, F.R.S. Re-written by 
Frederick Dye. Third edition. 8vo, cloth, 15J. 

Watchwork. — Treatise on Watchwork, Past and 

Present, By the Rev. H. L. Nelthropp, M.A., F.S.A. With 32 
illttstrations^ crown 8vo, cloth, ds, 6d, 

CONTENTS : 
Definitions of Words and Terms used in Watchwork— Tools — Time^Historical Sum- 
mary— On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc— Of Dial Wheels, or Motion Work— Lcngth of Time of Going without Winding 
iip — The Verge— The Horizontal — ^Thc Duplex — ^The Lever— The Chronometer— Repeating 
Watches— Keyless Watches — The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fållades of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Water Softening. — Water Softening and Purifi- 

caiiofi : the Softening and Clarification of Härd and Dirty Waters. By 
Harold CoLLET. Crown 8vo, cloth, 5J. 

Waterworks. — The Principles of Waterworks 

Engineering. By J. H. Tudsbery Turner, B.Sc, Hunter Medallist 
of Glasgow University, M. Inst. C.E., and A. W. Brightmore, M.Sc, 
Assoc. M. Inst. C.E. With illustrations^ medium 8vo, cloth, 25 j. 

Well Sinking. — Well Sinking. The modern prac- 

tice of Sinking and Boring Wells, with geological considerations and 
examples of Wells. By Ernest Spön, Assoc. Mem. Inst C.E. 
Second edition, revised and enlarged. Crown 8vo, cloth, lOs, 6d, 

Wiring. — Incandescent Wiring Hand-Book. By 

F. B. Badt, late ist Lieut. Royal Prussian Artillery. With 41 illustra- 
tions and 5 tables» l8mo, cloth, 4^. 6^. 

Wood-working Factories. — On the Arrange- 

mentf Care, and Operation of Wood-working Factories and Machinery, 
forming a complete Operator's Handbook. By J. Richard, Mechanical 
Engineer. Second edition, revised, woodcuts, crown 8vo, cloth, 5j. 
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8P0NS' DICTIONARY OF ENGINEERING, 

CIVIL, MECHANICAL, MILITABT, & NA7AL, 

WITH 

Teohnioal Terms in French, Oerman, Italian, and Spanish. 



In 97 numbers, Super-royal 8vo, containing 3132 printed pages and 7414 
engravings, Any number can be had separate : Nos. i to 95 is, each, 
post free ; Nos. 96, 97, 2^., post free. 



CoMPLETE List of all the Subjects : 



Abacos 

Adhesion . . 

Agricultural Engines 

Air-Chamber 

Air- Pump .. 

Algebraic Signs .. 

AUoy 

Aluminium 

Amalgamating Machine 

Ambulance 

Anchors . . 

Anemometer 

Angular Motion .. 

Angle-iron.. 

Angle of Friction . . 

Animal Charcoal Machine 

Antimony, 4 ; Anvil 

Aqueduct, 4 ; Arch 

Archimedean Screw 

Arming Press 

Armour, 5 ; Arsenic 

Artesian Well 

Artillery, 5 and 6 ; Assaying 

Atomic Weights .. 

Auger, 7 ; Axles . . 

Balance, 7 ; Ballast 

Bank Note Machinery 

Barn Machinery .. 

Barker's Mill 

Barometer, 8 ; Barracks 



Nos. 
I 
I 
and 2 
2 
2 
2 
2 
2 
2 
2 
2 

and 3 
and 4 
.. 3 
.. 3 
.. 4 
.• 4 
.. 4 

ands 
.. 5 

.. 5 
.. 6 
and 7 
.. 7 
.. 7 
.. 7 
and 8 
.. 8 
.. 8 





Nos. 


Barrage 


, 8 and 9 


Battery 


. 9 and 10 


Bell and Bell-hanging 


.. 10 


BeltsandBelting .. 


. 10 and II 


Bismuth .. 


.. II 


Blast Furnace 


II and 12 


Blowinij Machine 


.. 12 


Body Plan 


12 and 13 


BoUers 


. 13» 14, 15 


Bond 


. 15 and 16 


BoneMill 


.. 16 


Boot-making Machinery . 


.. 16 


Boring and Blasting 


16 to 19 


Brake 


. 19 and 20 


Bread Machine .. 


.. 20 


Brewing Apparatus 


. 20 and 21 


Brick-making Machines . 


.. 21 


Bridges 


. 21 to 28 


Buffer 


.. 28 


Cables 


. 28 and 29 


Cam, 29; Canal .. 


.. 29 



Candles . . . . . . 29 and 30 

Cement, 30; Chimney .. ..30 

Coal Cutting and Washing Ma- 
chinery .. ., ,. ., 31 
Coast Defence .. .. 3i| 32 

Compasses.. .. .. .. 32 

Construction .. ..32 and 33 

Cooler, 34; Copper .. ..34 

Cork-cutling Machine .. ••34 
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Corrosion .. 


.. 34 and 35 


Cotton Machinery 
Damming .. .. 
Detaik of Engines 
Displacement 
Distilling Apparatus 


.. 35 
.. 35 to 37 
.. 37, 3f 

.. 38 
.. 38 and 39 



Diving and Diving Bells .. 39- 

Docks 39 and 40 

Drainage 40 and 41 

Drawbridge 41 

Dredging Machine .. ••41 

Dynamometer .. .. 411043 

Electro-Metallurgy .. 43, 44 

EngineSy Varieties •• 44» 45 

Engines, Agricultural .. i and 2 
Engines, Manne .. .. 74, 75 

Engines, Screw .. ., 89, 90 

Engines, Stationary .. 91, 92 
Escapement .. .. 45» 4^ 

Fan 46 

File-cutting Machine ., ..46 

Fire-arms .. .. .. 46, 47 

Flax Machinery .. .. 47, 48 

Float Water-wheels .. ..48 

Forging .. .. •• ..48 

Founding and Casting . . 48 to 50 
Friction, 50 ; Friction, Angle of 3 
Fuel, 50 ; Furnace .. 50,51 

Fuze, 51 ; Gas 51 

Gearing 51, 52 

Gearing Belt .. .. 10, ii 

Geodesy .. .. .. 52 and 53 

Glass Machinery .. .. ..53 

Gold, 53, 54; Governor.. .. 54 

Gravity, 54 ; Grindstone . . 54 

Gun-carriage, 54 ; Gun Metal . . 54 
Gunnery . . . . . . 54 to 56 

Gunpowder .. .. ..56 

Gun Machinery .. .. 56, 57 

HandTools ,. .. 57,58 

Hänger, 58 ; Harbour .. ..58 

Haulage, 58, 59; Hinging .. 59 
Hydraulics and Hydraulic Ma- 
chinery 59 to 63 

Ice-making Machine .. ..63 

India-rubber 63 

Indicator .. .. ..63 and 64 

Injector 64 

Iron 641067 

Iron Ship Building .. ..67 

Irrigation .. .. ..67 and 68 



Nos. 
Isomorphtsm, 68 ; Joints .. 68 

Keels and Coal Shipping 68 and 69 
Kiln, 69 ; Knitting Machine .. 69 
Kyanising .. .. .. .. 69 

Lamp, Safety .. .. 69, 70 

Lead .. .. .. .. 70 

Lifts, Hoists .. .. 70, 71 

Lights, Buoys, Beacons ,.71 and 72 
Limes, Mörtars, and Cements .. 72 
Locks and Lock Gates .. 72, 73 
Locomotive .. .. ..73 

Machine Tools . . . . 73, 74 

Manganese .. .. ..74 

Manne Engine .. ..74 and 75 

Materials of Construction 75 and 76 
Measuring and Folding .. ..76 

Mechanical Movements .. 76,77 
Mercury, 77 ; Metallurgy .. 77 

Meter 77, 78 

Metric System .. ,, ..78 

Mills 78, 79 

Molecule, 79 ; Oblique Arch ., 79 
Öres, 79,80; O vens .. ..80 

Over-shot Water-wheel .. 80,81 
Paper Machinery .. .. ..81 

Permanent Way .. .. 81,82 

Piles and Pile-driving . . 82 and 83 

Pipes 83, 84 

Planimeter ,. .. ..84 

Pumps 84 and 85 

Quarrying .. .. .. ..85 

Railway Engineering .. 85 and 86 

Retaining Walls 86 

Rivers, 86, 87 ; Rivetedjoint .. 87 

Roads 87, 88 

Roofs 88, 89 

Rope-making Machinery .. 89 

Scaffolding .. .. ..89 

Screw Engines .. .. 89, 90 

Signals, 90; Silver ,. 90, 91 
Stationary Engine .. 91,92 
Stave-making & Cask Machinery 92 
Steel, 92 ; Sugar Mill .. 92, 93 
Surveying and Surveying Instru- 
ments 93, 94 

Telegraphy .. .. 94» 95 

Testing, 95 ; Turbine .. ' ..95 
Ventilation .. 95, 96, 97 

Waterworks ., .. 96, 97 

Wood-working Machinery 96, 97 
Zinc .. .. .. 96, 97 



PUBLISHED BY E. i& F. N. SPÖN, LIMITED. 23 



In super-royal 8vo, zz68 pfK» witk 3400 HlusitnHoHS^ in 3 Divisions, doth, prioe x^, td, 
each ; or 1 vol., cloth, a/. ; or half-morocco, a/. 8f . 

A SUPPLEMENT 

TO 

SPÖNS' DICTIONARY OF ENGINEERING. 

Editxd by ERNEST SPON, Mxmb. Soc. Enginexrs. 



Abacus, Counters, Speed 
Indicators, and Slide 
kule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antinlony. 

Axles and Axle-baxes. 

Barn Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Lames, and Mörtar. 

Chimney Shafts. 

Coal Cleansing and| 
Washing. I 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper, 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
tical details,Telephones 

Engines, Varieties oC 

Explosives. Fans. 

Founding, Moulding and 
the practicalwork of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Const 
tion. 

Meters. 

Öres, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

SteeL 

Steam Nawy. 

Stone Machinery. 

Tramways. 

WeU Sinking. 
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In detny 4to, handsomely bound in cloth, illustrated with 220 full page plaUs^ 

Price 15J. 



ARCHITECTURAL EXAMPLES 

IN BRICK, 8T0NE, WOOD, AND IRON. 

A COMPLETE WORK ON THE DETAILS AND ARRANGEMENT 
OP BUILDING OONSTRUOTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing sao Plates, with numerous Drawings selected from the Architecture 
of Former and Present Times. 

ne Details and Designs are Drawn to Scale^ J", J", \'\ and Full ske 
being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — ^Various forms of Doors and 
Windows, Wood and I ron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads : — ^Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Tavems, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 



Speeimm Pages, reducedjrom the originals. 





•■£57Mi#. iQBKiiwMJl. 



AftMkefti^l Ewifltt- Windows 
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IVIUÅ nearfy 1500 illusiroHons, in super-royal Svo, in 5 Diyisions, cloth. 
Divisions I to 4, 13^. 6d. each ; Division 5, 17^. 6^. ; or 2 vols., cloth, £^ lor. 

SPÖNS' ENCYCLOPiCDIA 



INDU8TRIAL ARTS, MANUFACTURE8, AND COMMERCIAL 
PRODUCTS. 

Edited by c. g. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
foUowing :— 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Cdluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fnxit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 ngs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing ana Engraving, 

20 pp. 8 figs. 
Rågs. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. lO figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Vamish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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SECOND EDITION, 

Crown 8vOj cloth^ with illustrations, 6s. 

WORKSHOP RECEIPT8. 

FIRST SERIES. 



SYNOPSIS OF 

Alloys 

Bleaching 

Bookbinding 

Bronzing 

Candle-making 

Cements and Lutes 

Cleansing 

Crayons 

Dra-wings 

Dyeing 

Electro-plating 

Engraving 

Etching 

Explosives 

Fireworks 

Fluxes 

Fulminates 

Glass 



COHTEHTS. 

Graining 

Gunpo^vder 

Iron & Steel Tern- 

pering 
Lathing and Plas- 

tering 
Marble Working 
Painting 
Paper 

Paper-hanging 
Papier-Måché 
Pavements 
Photography 
Plating 
Polishing 
Pottery 
Reeovering V/aste 

Metal 
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WORKSHOP RECEIPTS. 



SECOND SERIES. 



Synopsis of Contents. 



Addimetry and Alkali- 

metry. 
Albumen. 
Alcohol. 
.Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut 

Hydrogen peroxide. 
Ink. 
lodine. 



lodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matchas. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Pigments, Faint, and Fainting: embracing the preparation of 
PigmentSy induding alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, caeruleum, Egyptian, 
manganate. Paris, Péligot, Prussian, smalt, .ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele*s, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar. Indian red, madder Idce, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commerdal samples — whiting, 'Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehides, testing oils, cSiers, grinding, storing, applying, priming, drpng, 
filling, coats, brashes, surface, water-colours, removing smeU, discoloration ; 
misceUaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painttng (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishine colour, cause of cracking, mixing the paints, oils, 
driers, and colours, yamishing, importance of washing vehides, re-vamishing, 
how to dry paint ; woodwork painting). 
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Crown 8vo, doth, 480 pages, with 183 iUustratioiu, S*. 

WORKSHOP RECEIPTS. 



THIRD SERIES. 



Uniform with the First and Second Series. 



Synopsis of Coktents, 



AUoys. 


Iridium. 


Rubidium. 


Aluminium. 


Iron and SteeL 


Ruthenium. 


Antimony. 


Lacquersand Lacquering. 


Selenium. 


Barium. 


I^nthanum« 


Silver. 


Beryllium. 


Lead. 


Slag. 


Bismuth. 


Lithium. 


Sodium. 


Cftflmium. 


Lubricants. 


Strontium. 


Caesium. 


Magnesium. 


Tantalum. 


Calcium. 


Manganese. 


Terbium. 


Cerium. 


Mercury. 


Thallium. 


Chromium. 


Mica. 


Thorium. 


Cobalt 


Molybdenum. 


Tin. 


Copper, 


Nickel 


Titanium. 


Didymium. 


Niobium, 


Tungsten. 


Enamels and Glazes. 


Osmium. 


Uranium. ■ 


Erbium. 


Palladium. 


Vanadium. 


Gallium. 


Platinum. 


Yttrium. 


Glass. 


Potassium. 


Zinc. 


Gold. 


Rhodium. 


Zirconium. 


Indium. 







Electrics, — Alarms, Bells, Batteries. Carbons, Coils, Dynamos, Micro- 
phones, Measuring, Phonographs, Telephones, &c., 130 pp., 112 illustratioru. 
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WORKSHOP RECEIPTS. 

FOURTH SERIES, 

DEVOTED MÄINLY TO HÄNDICRÄFTS & MECHÄNICÄL SUBJECTS. 

260 nioBtratioiLS, with Complete Indexi and a Gheneral Index to the 
Fonr SerieSi 68. 



Waterproofing — nibber goods, cuprammonium processes, miscellaneous 

preparations. 
Packing and Storing artides of delicate odour or colour, of a deliquescent 

character, liable to ignition, apt to sufTer from insects or damp, or easily 

brokea. 
Embalming and Preserving anatomical specimens. 
Leather Polishes. 
Cooling Air and Water, producing low temperatnres, making ice, cooliog 

syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 

Emulsifying as reqoired by pharmacists and photographers. 

Evaporating — ^saline and other solutions, and liquids demanding special 

precautions. 
Filtering — water, and solutions of various kinds. 
Percolating and Macerating. 
Electrotyping. 

Stereotyping by both plaster and paper processes. 
Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc 
Musical Instruments — the preservation, tuning, and repair of pianos, 

harmoniums, musical boxes, etc 
Clock and Watch Mending — adapted for intelligent amateurs. 
Photography — ^recent development in rapid processes, handy apparatus, 

numerous recipes for sensitizing and developing solutions, and applica- 

tions to modem illustrative purposes. 
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WORKSHOP RECEIPTS, 

FIFTH SERIES. 



Containing many new Artides, as well as additions to Artides induded in 
the previous Series, as follows, viz. : — 



Anemometers. 

Barometers, How to make. 

Boat Building. 

Camera Ludda, How to use. 

Cements and Lutes. 

Cooling. 

Copying. 

Corrosion and Protection of Metal 
Surfaces. 

Dendrometer, How to use. 

Desiccating. 

Diamond Cutting and Polishing. Elec- 
trics. New Chemical Batteries, Bdls, 
Commutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Graphophone, Registering Appa-, 
ratus, Regulators, Electric Welding 
and Apparatus, Transformers. 

Evaporating. 

Explosives. 

Filtering. 

Fireproofing, Buildings, Textila Fa- 
brics. 

Fire-extinguishing Compounds and 
Apparatus. 

Glass Manipulating. Drilling, Cut- 
ting, Breaking, Etching, Frqsting, 
Powdering, &c. 



Glass Manipulations for Laboratory 

Apparatus. 
Labels. Lacquers. 
lUuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lantems, their management 

and preparation of slides. 
Metal Work. Casting Omamental 

Metal Work, Copper Welding 

Enamels for Iron and other Metals, 

Gold Beating, Smiths' Work. 
Modelling and Plaster Casting. 
Netting. 

Packing and Storing. Acids, &c. 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereotyping. 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing. 
Walking Sticks. 
Waterproofing, 



> 
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In demy 8vo, cloth, 600 pages and 1420 illustrations, 6s. 
FOURTH EDITION. 

SPÖNS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDIGRAFTSMEN AND AMATEUR8. 

CONTENTS. 
Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Solderingy Brazing, and Buming— Carpentry and Joinery, embracing 
descriptions of some 400 Woods, över 200 Illustrations of Tools and 
their uses, Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough fumiture. 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Fumiture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — ^Vamishing — Mechanical movements, 
illustrating contrivances for transmitting motion — ^Tuming in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads^ 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation— Hints on House Construction suited to new 
coimtries. 

E. & F. N. SFON, Limited, 126 Strand, London. 

New York : SPÖN & CHAMBEBLAIN. 
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